
US-PAT-NO: 6190560 

DOCUMENT- IDENTIFIER: US 6190560 Bl 
TITLE: Slurry fill method and valve 
DATE- ISSUED: February 20, 2001 
US-CL-CURRENT : 210/656 ; 210/198 .2 
AE" PL-NO : 09/ 410156 
DATE FILED: September 30, 1999 


KWIC 


At' 3 tract Text - ABTX : 

A chromatography column has valve and method for filling it 
with a slurry of 

media, the valve utilizing a piston to compact the slurry 
in the cclumn. The 

piston moves through a cavity in communication with both a 
slurry inlet and 

slurry ports which are in communication with the interior 
of the chromatography 

column. The piston assists in compacting the slurry within 
the column. The 

method of filling the column does not require disassembly 
of the column. The 

piston may also be utilized to change the valve position 
from a slurry fill 

position to a normal operation position or other position. 


Brief Summary Text - BSTX: 

It is yet another object of the present invention to 
provide a piston to alter 

the operational status of a valve assembly. 
Brief Summary Text - BSTX: 
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Accordingly, the present invention provides a 
chromatography column having a 

media and a product inlet assembly positioned at the inlet 
of a nozzle- type 

assembly at the top of the column, the media and product 
inlet ass emt 1 y 

preferably including a housing having a product/buffer 
inlet passage and a 

media inlet passage extending through the housing. A 
piston having a 

pressurized fluid source is preferably connected to the 
housing to assist in 

the filling, distributing, and/or packing of the media bed 
w 1 :. h in t h e c o 1 umn . 

Auoii ti o r.a 1 I y, the piston may control the operational status 
r t the slurry inlet 

assembly. A similar, or the same, valve may be utilized to 

remove slurry from 

a chromatography column as well. 

Derailed Descnp: l o n Text - DETX: 

Flo-;. .3 depicts the media filling valve assembly 100 in a 
first position. This 

p: -sit ion may be referred to as the p»ack position or the 
slurry into column 

r o: ition. The valve assembly 100 is illustrated having a 
fluid supply, shown 

as a hydraulic or air cylinder 102, connected to a piston 
104 by a connecting 

rooi 106. The air or- hydraulic cylinder 102 drives the 
c : nnect in g rod 1 J c to 
m:ve cue piston 1J4. 


Detailed Description Text - DETX: 

'I roe first posit i it. has the piston 104 obscuring flow from 
tne slurry inlet 1-06 

to a clean in place port 110. This first position may be 
referred to as the 

parking position. The piston 104 is preferably located 

;oit abjve the slurry 

in let 108 when tne valve assembly 100 is in the first 
position. Slurry and/or 

meiia may be pumped into the column 10 through at least 

one, ani preferably a 
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plurality, slurry spray ports 112 in an assembly housing 
116. More 

specifically, slurry enters the valve assembly 100 from a 
supply of slurry at 

the slurry passage, cr slurry inlet 108. From the slurry 
inlet 103, slurry m^y 

proceed into a z.-.vizy 114 of the valve assembly 100. Once 
in the cavity 114, 

the Piston 104 obscures flow to the clean in place port 
1 1 : . Accordingly, 

slurry will flow through the cavity 114 to the slurry port 
ci ports 111 . The 

.slurry ports 112 are preferably multi-port spray holes, but 
dec-ending on the 

particular application, the slurry ports 112 may transfer 
slurry to one or' more 
ether distribution devices. 


Detailed Description Text - DETX : 

When the column 10 is full of slurry during a filling 
i". per at ion, the oper-.to-r 

will be alerted . ; -m::e the pump pumping the slurry in will 
still. At this 

r oint, the operator may stop the source of slurry into the 
.r 1 u r r y inlet 1 0 8 . 

.[,>:• king to FIG . ■» , t he valve assembly 100 may then be 
operated such t.r:-:t the 

piston 104 is moved to the second position. The second 

position may a Is-: be 

referred to as the run position. 


detailed Description Text - DETX: 

Tne piston 104 is illustrated as being at or near the 

a i s t r i bu t i or: cap 12 6, 

however this need not necessarily be the case. The fluid 

s o .. r oe is ut i 1 1 zee t o 

pic.< the slurry in tne column 10 when the valve assembly 
1 . ■'. is in the second 

position by pushing slurry remaining in the cavity 114 into 
tne column tin rough 

tne slurry port, or- ports 112. Preferably, the piston 104 

: i st roked f'r om it s 

location above the slurry inlet 10b to a position below the 
slurry inlet 108. 


03/04/2003, EAST Version: 1.03.0002 



Most preferably, the piston 104 is stroked to at or near 
tne distribution cap 

Lie. As the piston 104 is driven by the cylinder 102 
towards the second 

position, the slurry is compacted in the column 10. As the 
piston 104 moves 

thrcugh the cavity 114, the slurry will be pushed out the 
s Lurry port, or pcrts 

11.?. This will assist in compacting the slurry in the 

::dumn 10. 


oetaileo rescript i or. Text - DETM: 

The piston 104 is shown with piston rings 132 which may 
^.o is: i u min imi z : ng , 

ana preterit ly preventing any fluid flow from the column 10 
pa-: the piston 

i:4. For some appl icatiens, the valve assembly may be 
stroked to the second 

p-:=ition and ba-k to- the first position a number of times 
in crder to force 

more slurry into the column 10. This process is believed 
:•; provide a more 

nntressed bed of resin in the column 10. 


Detailed Descriptor: Text - DETX: 

Wr.il e the valve assembly 100 is in the second position, the 
clean in place port 

11j may be open. This will allow the valve a portion of 

tne o avi t y 114 of t he 

valve assembly IX :o be washed :Tean. Adaitionally an 
:per. :lean in place 

P-: rt may prepare the valve assembly 100 for retracting the 
piston 104 when 

necessary. The clean in place port 110 may be open to 
assist in the movement 

zi the piston 104 from the second to the first or third 
position. At least, in 

the movement from the second to the first position, an open 
rlean in pi. ace port 

ll 1 ' will provide at. outlet for any slurry or other material 
in the cavity 114 

cr elsewhere in the valve assembly 100. It is also 
possible that the c lurry- 
inlet 106 may be left open to assist in the stroking of the 
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valve ass emr 1 y f r cir. 

the =. e tend t o the ch i rd or first pc s i t i ons . 


derailed Description Text - DETX: 

FIG. 5 shows the valve assembly 100 in the third position. 
.;;ome app 1 i cations 

nay find this placement of the piston 104 useful to assist 
;.n :; Leaning the 

irtemr or cavity 114 of the valve assembly 100. The 
clean in place port 110 

..s in f luid communication with the slurry inlet lO^, and at 

..e ast a p : rt ion o : 

the cavity 114 may be cleaned with the valve assembly 100 
in this position. 


oet a i. lea :>es :: ri.pt . on Tex: - DETX : 

FIG. 6, which is very similar to FIG. 3., depicts the valve 
■iss emb 1 y uti 1 i ze :1 

as a slur ry out. le: valve assembly 200. The valve assembly 
1 'o is i 1 1 us t rat ec 

having a fluid supply, shown as hydraulic or air cylinder 
J. 01, connected t: a 

piston 104 by a connecting rod 206. The air or hydraulic 
cylinder 102 drives 

the connecting rtc 206 to move the piston 204. 


Detailed Description Text - DETX: 

The operation of "he slurry outlet valve 2 00 again is very 
similar to t hat : 

the mem a filling valve assembly 100. The position shown 
in ;Tij. c- is the 

slurry oat position. Slurry may be removed from a 
chromatography column 10 

utilizing slurry out Let valve 2 00. Inlet port 212 provides 

"ve 3 s t o t. ne 

slurry passage, :u slurry outlet 20b, for slurry to be 
removed from the 

chromatography column 10 when the piston 2 04 is in the 
position shown. If the 

piston 204 is moved closer to the inlet port 212 such that 

the slurry outlet 

2uh is no 1 <jnger in communication with the inlet part 212, 
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the slurry outlet 

valve 2 00 will te in a normal operating position. If the 
piston 2 j 4 is 

positioned closer to the cylinder 202 such that a clean in 
place port 210 is in 

communication with the slurry cutlet 208, the slurry outlet 
va lve 1 00 will te 

:r. a clean in place position. The operation of the slurry 
outlet Vacve in the 

preferred embodiment may be substantially similar to that 
of the slurry inlet 

valve 100 as aforesaid or may be utilized in either ways 
which wou_d be obvious 

one s-. -lied in trie art. 


Claims Text - CLTX: 

a) providing a slurry inlet valve having a cavity and a 
piston at lease 

partially within the cavity, said valve communicating 

through said cavity with 

an interior volume of the column; 


Claim; Text - CLTX: 

d) operating said piston from a first position to a second 
p os it ion within at 

least a portion or the cavity to force at least some of the 
.-• 1 ui i y f rom tne 

cavity into the interior volume of the column; 
Claims Text - CLTX: 

e) returning the piston from the second position towards 
the first position; 

Claims Text - CLTX: 

hi operating sail piston fr:>m about the first position 
towards the second 

position to force at least some of the slurry from the 

cavity into the interior 
v;:iume of the solum::. 
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KW I C 


Abstract Text - A3TX : 

Longitudinally collapsible apparatus for compacting packing 
material within a 

tukular liquid chromatography column. The apparatus 
includes a first support 

member, a second = uj:p<:rt member and a movable support 
men-.fc ■ e r . T h e mo v a b 1 e 

support member i..- releasably conne :;t able to the second 
support member for 

supp rt thereby. When re Leased from the second support 
member , :he mova;.: 1 e 

member i. = 3-iapteo. : ■■: rice on guide members extending 
between the firs: and 

sectnd supp-ort members. A compression mechanism is 
supported en the movable 

support member to m«:ve therewith to a longitudinally 
collapsed position for the 

apparatus. The compression mechanism comprises a 
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reversible drive for an 

axiaily mrvable rod carrying a movable piston . With the 

movable supp:rt member 

secured to tr.e second supper t member, the piston of the 
compressim mechanism 

is movable in an ena of the tubular column when the column 
is supported on the 

first support member. Movement of the movable piston 
w i " r. i r. t n e c : 1 umn a x i a 1 1 y 

compresses a column packing material -as one piston is 
or iven towar :is an 

eppos i te end of the column. The piston also is releasably 

. .rneotab.e to the 

tabular column to raise uno: lower the column when the 
apparatus extends in a 

vertical direction and is it is desired to insert an end 
pi s ton into or remove 

the end piston from the opposite end of the column or when 
it. is aesirei to 

•cnanrre an adapter ring or: the first support member to 
receive a column of a 

different diameter for packing by the apparatus. 


•rrief .: uitiiti a r y Tex: - B3TX: 

Mo s t prep ar at. i ve chr oma: ography is performed in tubular 
met a 1 cod amns o f ; , 4 

o : i- ir.cn or larger diameter. t'reparation of such large 
diameter columns is 

difficult using convent i<: nal slurry packing wherein a 
suspension, of stationary 

phase is forced <: r "packed" into a (chromatographic column 
u .:. i n g a nigh ores s u r e 

stream of" li. zruio to produce a homogeneous and stable column 
i t:u c: ar e . Rather, 

to>day, the preferred method of preparing large diameter 

oclumns for use in 

preparative chromatoa raphy is the method commonly referred 
to as "axial 

compression". Axial compression is descr ikied in U.S. Pat. 

Nos . : , :«6o, 60 ? 
ana 1 , 1 c ?) , 5i 2 . In the ' o) C( paten: a pi ston containing a 
r liter ma tr i x and 

fluid sea.ing mechanism is used to compact a bed of 
stationary pnase and 

maintain adequate compression to correct coiumn 
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instafc ility . In the ! 522patent 

a compression ram is use-l to consolidate the stationary 
phase during the 
pa:; king operation. 

Brief Summary Text - BSTX: 

The present invention provides apparatus for producing and 
c perat ing h ighly 

efficient preparative columns while avoiding the 
disadvantages of the prior 

art. In the present invention, a tubular column or column 
cure is provided 

with end closures containing filters capable of retaining 
the stationary phase 

arm pro vis ions for the introduction and removal of liquid 
unner pressure. The 

en;: closures, generally ,-:nown as bed supports, are 
supper tea within opposite. 

eniiE of the 0:0 1 umn tube -.gainst outward axial motion by 
pi s ton e 1 e me n t s wh i :: h 

provide both fluid sonneotions for the passage of mobile 
phase and high 

pressure sealing elements to prevent leakage of the mobile 
phase from the 

column. At least, one of the bed supports and its 
s uppor t i ng pi ston are movable 

within the column tube arid are subjected by means of a 
compress i or. mechanism to 

a ;:c niprescive for re larger than that generated by the 
pressure drop ocour ring 

t r.:n. tne passage or li:ru_d tnrough the stationary phase. 
The co'inp'res s i ve force 

pern. its tne preparation and czntinued operation of high 

p-e r f o rmaivoe 1 i qu id 

ch r<: mat c-gr at'hic ocl umns . 


Brief 3 umm a r y Text - 3.: TX : 

In a typirual embodiment :>f the invent ion, the compressive 

me : h a r ism :; omp rises a 

hyitauli.: press including a vertically extending hydraulic 
cy Li nder o ontainina 

a compression rod supporting a compression piston at its 
lower end. The 

compression piston functions as the upper support piston 
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fcr the cc lumn tube 

containing packing material to be compressed by the 
apparatus of the present 

invent ion . The cylinder is mounted on a movable support 
member whi ch is 

miunted for vertical movement on vertical guide members 
extending between upper 

ar.o lower suppo r: member.: . The lower support member is 
designee. to support the 

c : x umn tube containing pac.-cin:? material which is to be 
c : mp re 5 o ec . The movable 

support member' is -resigned for re leasable connection to the 
upper = upper: 

membei: . When the movable member is released from the upper 
=upport member it 

i= movable downward to vertically collapse the apparatus of 
th»- present 

invention. When the movable support membier is connected to 
upper support 

member, the compression piston is movable axially into an 
upper open end of the 

cdumr. tube which is ver: icail / mounted on the lower 
i ,4 ipo r : membe r . L'p on 

actuation o-f the compression mechanism, the compression rod 
1 = olr i ven downward 

t: drive the c-ompres s i o-n piston into the column tube to 
engage ar. upper bee 

support and to compact the packing material within the 
c : - umn :. ube aga i r.c t a 

lzwer bed support, and a stationary lower piston within a 

1 owe r end o- f the 

column tube. The compression piston and the lower 
.stationary pi s ton include 

annular fluid seals for sealing with an inner surface of 
the co- lumn tube ana 

■contain fluid passages fo-r the introduction and removal of 

mo} die phase . The 

lower support member- is provided with an opening through 
wn . ch spent, pace.: no 

may be extruaed. This openin? is reduced in diameter' for 
pai i ng an 1 ope rat : on 

by tne mounting of an adapter plate or ring. The adapter 
ring may be select ei 

:n..:m a variety of :;iameters to permit the operation of 
columns of different 

diameters using the same compression mechanism. 
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Brief Summary Text - BSTX: 

To prepare a liquid chromatography column using the 
apparatus of the present 

invention, the ccirect size adapter ring is mounted on the 
lower supf'Ort 

memrer. The lower piston and bed sup-port are then mounted 
or. the lcwer support 

member via the adapter ring, and the column tube is pressed 
do wnwa r oi onto the 

low-cr bed support ana lcwer piston tc close the lower end 
o f : he co 1 umn tut e . 

A suspension of stationary phase is introauced into the 
upper er.a zo 1 umn tute, 

w.-.irr. ii tnen clc .: ea by the upper bed support. At least 

: r.e o t : he beo 

z _z\. p r: -piston set .5 is provided with a connection for 
liquid to exit the 

apparatus during processing. The upper movable bed support 
i - then subjected 

b compressive t o r :e by the compression piston , which 
rauses :.he movable bed 

support to travel downward within the column tube in an 
ax i a 1 direction until 

excess slurry solvent is exp»elled and the stationary phase 

i .: rompi ao-t.ea . The 

zu-lumr. i .: tnen re-oy for operation and may be connected to 
z i i :ru i oi 

;:n: : matter raphi c system for use. There is no need for 
a :ui i t i on a 1 process i ng 

o-pe: at iocs anoi t h- column is suitable for additional 

Mt-.pu ei c i on, unlioe triO'Se 
pr-ioareoi in iccou oaroe with U.S. Pit. No. 4, 54?, 584. 


Brief Summary Text - BSTX : 

It tne p> resent i rcent ion, the stationary phase in the 
- ; ! um:\ i = jperate.i unoler 

r impress ion by tne movable upper piston . However, both the 
upper and Lower 

pistons can be removed from the column tube without 

removing tne bed ;.upp:>rts . 

Si:-. re there is no nee:l to remove the mrvable bed supports 
t r •:r the •;: r 1 . t mn t .be , 

there is reduced ianger of damage to tne stationary phase 
stricture frrm 

rem.-.-val . ?f the pistons . The compression mechanism and 
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pistons can then be used 

to prepare additional columns without destroying the 
columns previously 

prepared using thv compression mechanism. Alsc, columns 
p t eviousi y prepared 

..sing the ccmpres.- ion mechanism may be recompressed and 
ag.ii in operated unoer 

c empress ion to maintain column performance. 


r r i e f $ ultima r y T e x - B S T/. : 

It is a further feature uf" the present invention that the 

Uc* Of" 

interchangeable adapter plates or rings ana piston sets 
permits the use or' the 

:ompre= s ion me::hani=m wi-.h columns of differing diameters 
wi thout er.cumi: er i:.g 

e a .".h column with :omplex and costly flanges or other 
aev i ::e~ to c-jrme-r. t ■:■ 

fluid flow passage . Tn : s allows column tubes according to 
the present 

invention t<: re or' simpl- design and constitutes an 

aavant age ever previous 

designs 

Brief Summary rex" - &3TX: 

After the use of chromatographic column of the present 
i n v e n t. i e n 1 s comp ^ e t e , 

the spent, stationary phase is easily removed from the 
o: 1 umn by raising the 

:■: 1 umn tube, removing trie lower piston , lowering the column 
tt.be and using t.h- 

mpress ion mechanism to extrude the static-nary phase 
through the opening in 

the It wet support member. The bed supports are easily 
reim.:vea by the same 

ex: tu-icn. The use jf the adapter plates and lower piston 
proviaes f<: r this 

simple extrusion process, which is not present in the Merck 
s vs tern . 


Br i e f S umma ry Tex* - Bi'TX : 

In the present invention, the hydraulic press is adapted to 
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two further uses 

beyond the compression of the stationary phase for 
operation or extrusion. 

First, the hydraulic press is used to raise and lower the 

?.r I umn :. ub e du r i r. g 

the operations cf inserting the lower bed support and 
pi s ton , ir.a during the 

removal :-f the piston be fere stationary phase extrusion. 
.: ir.ee large diameter 

lumn tubes can weigh more than 50 pounds even when empty, 
such use of the 

nyoraulic press provides a significant advantage to the 
or er oor . Trie c per at r 

need only mount the column cube on the lower support of the 
apparatus . All 

subsequent lift in? and lowering is performed by the 
ar p a r a t us itself. I n 

Particular, such column raising and lowering is 
a ccompl i she i by coupling the 

upper eni of the column tube so that the tube follows the 

nc : 1 or ■: f : the 

compression roa. The coupling can be performed using a 
number if met nods. Tue 

preferred met nod is by using a removable pin which passes 
through a hide 

through the column tube and the piston it a right angle to 
tue t Jne axis. 


D tawing :>es cript i-:n Text - DP.TX : 

FIG. la is a an exploded view of a column packing 
compression mechanism shown 

in B* 1 3 - 1 illustrating the component part comprising a 

v e r t i a ] 1. y e x t e nd i n g 

compression roa, a piston at a lower' end of the compression 
rod and a drive f:r 

vertically moving the compression rod comprising a 
r.ydr a .-.Li c ey 1. inde r . 


drawing Rescript i :m Text - DP.TX: 

FIG. 11.: :s a sid- view showing the comp jnents in FIG. la 
as semole i wi t.n thr 

pi ston secured t; the compression red by a universal 
coupler and a laterally 

extending pin, the piston shown in FIGS. 1, la and lb being 
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a "dummy" piston 

for use when the appar at us of 
be vertically 
C'i 1 1 ap^sed . 



the cresent invention is to 


Drawing Description Text - DPTX: 

FIG. 1 is a side view partially in section of the apparatus 
of FIG. 1 with the 

moveable support plate secured to an upper support member 

uu::i with the moveable 

;;pporr plate suppor t i:.a the h /drauii r cylinder in an 
_.po/ar :i ext enaea p-. s i t ion 

with u :* empress ion rod of the column packing compression 
me onanism and "dummy" 

piston clearing cn the lower support member. 


Drawing Description Text - jF.T.\ : 

FIG. : is a side view partially in section showing an 
ao;ipt:r ring mounted on a 

lower support member of the apparatus and vertically 
: upper t ing a .column tube 

between the lower support member and the moveable and upper 
support members. 

The z : mpr ess ion rod of t he column packing compression 
me oh an ism is shewn 

supporting a ::ompr ess ion piston for fitting into an upper 
open ena ■: f the 

column tube. FIG. :■ also depicts a front, face of the 
co.ct r : 1 p ate 1 fc r 

cout r : 11 ing operation of the apparatus. 


Drawing Description Text - E>F.TX : 

FIG. 4 is a side view partially in section similar to FIG. 

and il lust rat i n :r 
the :; " mpires s i on r ">d and compress ion piston release ably 

sesured to the column 

tube by a pun extending through aligned openings in the 
column tube and 

compress ic n rod above the compression piston . FIG. 4 shows 

t h e r omp r e s s i o n r o :i 

m a raised position to lift the column tube from the 
adapt o-r ring and i ower 
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support member, the adaptor ring shown supporting a lower 
piston and k ed 

support for closing the lower open end of the column rube. 
The lower pi s ton 

includes openings for passing liquid from the column tube 
clu r i r. i c per a t i on o f 
the column. 


Drawing Description Text - DPTX: 

FIG. : is a sice view partially in section of the apparatus 
c f F I G . 4 showing 

rhe lumn tube a tier it has been driven downward onto the 
adaptor ring to 

receive the lower piston and lower end closure. 


or awi ng Descr iption Text - DF.TX : 

FIG. 6 is a si 'le view par: i ally in section of tne apparatus 
l t FIG. 5 after the 

connect in? run has been remove! to release the compression 
piston ami 

compress i on rod from tne cc lumn tube, the compression rod 
ana compression 

pi s ton being depicted in a raised position with the upper 

end of" the column 

rule jpen :■: receive a slurry >f the packing material for 
packing upon a 

oowr.wari movement of the compression piston into the column 
t ui: e . 


oe:ai lea Description Text - DETX: 

Tne apparatus 10 further comprises a column packing 
compression mechanism 22 

comprising a compression rod 24, a compression piston 2 6 
: . c a drive I : 

p refer ably including a hydraulic cylinder 30 having lower 
an-:: upper f I anges 2 

anc :-4 respectively secured by tie rods 36. The column 
packing c empires si on 

mechanism 21 is secure! to movable support member 18 for 
v e 1 1 i. c a 1 m o veme n t 

therewith to vertically collapse 10 when the moveable 
s uppi j r t memb e r lb is 
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released from the upp'er support member 12 as depdcted in 
FIG. 1 . 


Detailed Description Text - DETX: 

When the moveable support member 18 is secured to the upper 
sur-p crt member 1 2 , 

jperat ion of the drive 2 8 by actuation of knobs on a 
:::r.trol panel 2 7 cause the 

:: impression rod 2 4 to move vertically to raise and lower 
: :\e ::ompress i :>n piston 

- w.ai cn i s sized :o f it sicuuiy L:\tc an open upper end of a 
;• : 1 ...:iin : ube : 2 a :. 

sraown in FIGi". 2, ^, : and 6. The column tube is supported 
or. the lower 

Support member 14 over the central hole 15 and downward 
m : vemen: c f the 

impression piston 26 within the column tube compresses a 
p a ;. inc' material 

w i t h in a 1 owe r end o f the co lumn t ut e . 


detailed oescript. i en Text - DETX: 

As previously i nd i cat ed, the upper- support member 12 is 
a:iap>ted to secure the 

ru-veable support member 1- thereto when it. is desired to 
iterate tne apparatus 

1 ■. in oompr ess i r.oi a packing material within the -column tube 
: ; . To a : c>: mmod a t.e 

s _:r. conne ct i :-n, che support, blocks 64 and 66 include 
tnrouifh holes 64a and 66a 

respectively. Such holes are designed to receive 
vertically extending bolts 

64b and 661c passing through the support blocks 64 and 66 
l r. t o tnreadeo holes 6 2 

moveable support member 1? (see FIG. lc) to releaseably 
secure the moveable 

support member to the upper- support member 12 as shown in 
Flo. la. Thus 

sesured o: the upper sup-port member 12, the moveable 
.-o.pport memter - 1 r* provides 

vertical support for the hydraulic cylinder 20 of the 
cclumr. par kmc 

compress ion mechanism 22 above the upper support member 12 
as shewn m FIG . ■ . 

In tins; regard, and as mcst clearly shown in FIGS, lc and 
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Id, the moveable 

support member 1* comprises a flat, plate including a 
central stepped opening 7 1 

■net ir.ing an annular shoulder 72 for receiving a lower face 
of" a cylinder gland 

7:- of the hydraulic cylinder 30. Thus positioned, the 
biwer flange 32 of the 

cylinder rests on the top face of the moveable support 
plate 13 with bolt; 

extending through mating threaded holes 7 4 in the moveable 
.support plate and 

lower flange 32. The threaded holes 14 receive bolts 7 5 to 
release ably secure 

:he flanse to the moveable support plate as shown most 
/ in FI Z . 1 . With 

lumn p- a:- .<i.ng temper ess ion mechanism 22 thus supported 
moveab 1 e 

t member 1 ■: as shown in FIG. 1, the cc nip-res s ion rod 
enas axial 1 y 

h~ cylinder : j through the opening 7 1 in the moveable 
: pi it* l-~ tt 


ruppor 
14 ext 
: r-n. : 
: up tor 
re leas 


eably secure 
1 iue w i t h an open 
upper end of the 
c up-port member 14 
in FT . ;• . Such 


the sompression piston 2c ( FIG . 3) in 


olumn tube 11 mounted on the lower 
as shown 

■nnection of the compression rod 24 to 
the ::ompr ess ion pi ston 

.It is most clearly depleted in FIG. ;i as well as in FIGS . 
1 a and 1 b f o r a 

"cuiumy" piston connected to the expression red 24. As 
there illustrated, the 

Lower ena :• f the conipre: s ion rod 14 includes a threaded 
socket. / ' fee receiving 

an externally threaded up»per end :-f a cylindrical coupler 

■ : t o se ::ure t he 

coupler to the congress i on roc 24. The coupler 78 also 
include a lower =-oc -:et 

: j naving laterally extending side holes there through. 
The socket SO is 

oimensiinei t receive the up>p>er end of the compression 
piston 2 6 in FIG. :> or 

a "•dummy" piston 2 6a as depicted in FIGS, la and lb. In 

both instances, the 

piston includes a laterally extending through hole for 
receiving a connecting 

pin 62 after- the piston has been inserted upwardly into the 

1 o w e r s j c k e t 3 0 a . : 

most ::i early depicted in FIGS, lb and 3. 
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Derailed Description Text - DETX: 

Jr. the vertically collapsed position far the apparatus 10, 
trie "dummy" piston 

26b bears adapter ring 46 mounted on the lower support 
memce r 14. In : ne 

t i = e position rot the rtioveabi e support member IS as 
depi cted in FIGS. 

tne co-mpr ess ion system 22 is raised from the lower support 
member 14 which 

provides vertical support for the column tube 35 containing 
P it k i no itia te r i a 1 

wider, is to be compressed upon downward movement of the 
compress ion piston 26 

into- the column tube . To provide such support for the 
"dummy" piston 2 6a as- 
shown FIGS . 1 and .1 and for tho column tune 35 as shown in 
F I o0: . ; - r , the 1 owe r 

sup-pout plate 14 includes tne previously described adaptor 
ring 46. As shown 

most 0" 1 early in FIG. If, the adaptor ring includes an 
annul a i reo'es s '-'A forming 

an annul ar shoulde.: 5 5 for receiving a bottom fate of the 
"oummy" pi ston 2 6. a as 

d-pioted in FIGS. 1 and 2 or' the lower end of the column 
ture :t~ a; 
FT G'S . ?- 6 


Detailed Description Text - DETX: 

As previously indicated, user control of the controls on 
tne control panel 3 7 

oietern.ineo the opeiation of the apparatus 10 in moving to 
at..:: from the 

vertically collapse:; position, shown in FIG. 1 and in the 
p I acement o f the 

column tube and its end closures and pistons in the ends 
or the column tube 

ana tne subsequen: compress i :n of a packing material within 
t no o c i umr. . To 

accomplish this, tho column packing compression mechanism 
22 as previously 

described preferably is a mooel 2H hydraulic ram 
manufactured by 

F'ar ker-Hanni f in CO. ip . of Des Flames, 111. The hydraulic 
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ram is connected in 

a conventional manner and controlled by the fluid circuit 
df.'pc:ed m FIG. 1 

unaer control c f the controls indicated on the control 
p.-ucel :7. In 

particular, the ram comprises the hydraulic cylinder 30 
with the compression 

r<>o 24 extending downwardly therefrom. Fluid to control 
the raising ana 

lower of the compression rod within the cylinder is 
z ' >nt.r<- 1 1 ea k»y cper.r:ion 

c: a i ii r ecti onal control valve 90 shown in FIG. 7 and on 
the o r.trol nane 1 : " 

F['ic-. 1, and : tore uqn 6. 


D-taiieo Description Text - DETX: 

The 'directional valve 90 is a convent ional three position 
v.ilve fir regulating 

t.ne di i e ::t i on ■: f fluid flow t :> and from the hydraulic 
c/lin.ier 30. The 

hydraulic cylinder includes an internal piston for driving 
the compression rod 

1A in and out :-f : the hydraulic cylinder in a conventional 
m inner. Ft r example, 

w .. : n one di recti on a \ control valve 90 in tne position 
i ntii tiled, fluid f lows 

into in upper end of the hydraulic cylinder 30 and returns 
f r :oi a 1 Dwer end : t 

cue cylinder t :■ drive the compression rod 24 downwardly and 

o i: n • t he 

iv.ou-s l i : cylinder . When the directional control valve 90 
i..r. in i ts second or 

intermediate position, all flew of fluid to the hydraulic 

o : I in-de r 3 is 

bloc<e:i. When trie control valve is in its lower or third 
p '-tit:, jr., the 

direction :>f flow is reversed such that fluid flows into 
tne 1 .>wer end :■ f the 

hydraulic cylinder 30 below its internal piston and exits 

tne hydra u lit 

cylinder at the upper end for return tc the reservoir 92. 


detailed Description Text - DETX: 

In this regard, and as previously indicated, the apparatus 
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10 is susceptible as 

several different operations. First, as depicted in FIGS. 
1 and 2, tne 

■5ppara:u5 may be vertically collapsed to reduce the 
v»: : t i ral d irr.ens ic :i cf the 

apparatus to a minimum allowing for compact packaging and 
shipping of the 

apparatus as well as for movement of the apparatus from one 
location to another 

ir. a laboratory through doorways and the like without 
re ?u i r i no a t i i t i no or 

rotation of components of the apparatus. Such collapsing 
of the apparatus 10 

is a ::compl isheoi by removing the column tube : c> from the 
apparatus aroi with t.ne 

"oiummy" pi s ton 2t = attached to the lower end of the 
comp res si-: n rod 2 , setting 

tne~ o intro 1 <n> t "FAK" to the "lower" position. This 
t: esu Its i n the 

0'.:i.pro.:;.i-:ri : o-.i be i n ? 'driven downwardly to the position 
i noi oat eo in Flo. 1 

with tne " dunjtiy" piston bearing on the top- of the adaptor 
r i ng 4 •:■ s ecu red to 

the lower support member 14. Then, upon a disconnection of 

the connector JlO 

securing tne move ibl e support member 18 to the upper 
s uppo r t membe r 12, 

continued operation of the hydraulic system with the RAM 
con trod in tne "raise" 

position lowers the hydraulic cylinder 30 with the moveable 
o uppor : memt'or 1 -r 

downwardly on the guide rods 16 to tne lower or collapsed 
po = i t. i o n sn own i n 
ft:;. 1. 


E>etailod Description Text - DETX: 

When it is :iesi.reoi to again ex ten the apparatus 10, the 
p: ;<cess is simply 

reversed. With the hydraulic cylinder oO in the lower 
position snowr. in FIG. 

1, tne cone r : 1 knot) "FJ\M" is switched to the "lower" 
P-" : it ion. This drives tne 

hydraulic cylinder 30 and mt'veable support member 18 
upwardly to the position 

shown in FIG. 2 where the connect :r 20 again releaseably 

looks the moveable 
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support member to the upper support member. Continued 
operation cf the 

hyoraulic system then with the control knob "FAM" in the 
"raise" posir.icn 

i ; i c. h :i r aw =■ t h e comp ressic n r o d 2 4 up wa rdly within the 
hydraulic cylinaei St tc 

■ :v? position shewn in FIG'-. 3 where the "dummy" piston 26a 
ma y t e repl aced k y 

•: he .-'impress ion piston 2 c and the apparatus 10 readied to 

: -reive '-x r<: lumr. * ube 
r a .: ?nown in Fit.*. : . 


detailed description Text - DETX: 

A.= shown :u FIG. /, the adaptor ring 46 of proper internal 

■ i : am-: 1 e r : 5 f i rs t 

secured to the top of the lower support plate 14 and an 
-mpt.y column cure 

mounted thereon as- shown. As depicted in FIG. 4, the 

'v :np : ess i 1: n rod =r.d 

piston are :hen driven acwnwardly into an up'per end of the 
■■mptc iciumr. rut-. 

h'ext, the romrre^-iou rca and piston are releaseably 
serured to the column tube 

by a connector pin passing through aligned holes 99 in 
• ne : -. 1 umn : ufc e :,ud 

piston coupler 7 ': as shown in Fh Z . 4. Upwar d movement 

■ t the compress K n 

loo and piston then lifts the columr. tube 35 from the 
id apt-: r 4 £ al lowing a 

.ewer piston and bed support 100 including filters and 
: lui pcrrs to be 

.•icaie:! on tne adaptor ring as illustrated. Next, the 
:ompression rod ano 

piston are lowered tc lower the column tube 35 onto the bed 
support an-:: lower 

piston 1"". as depicted in FIG. :> . This is an important 
: eat .ire ,f trie 

-ppa: us 1 v of :he- present invention. Since the large 
; 1 -.me : e r c ; 1 .mm : .k ;-s 

pr ocesseo by the apparatus of the present invention are 
heavy ever, when -npty 

an .i difficult t: maneuver and pDsiticn over' lower pistons 

a:\ :i be :1 : up -ports . 

Furthermore, insertion cf tightly fitting bed supports 
requires significant 
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force. With the apparatus of the present invention 
however, all such lifting 

and positioning is accomplished by the hydraulic system of 
the compression 
me onanism 22 . 


Detailed Descripticr. Text - DETX: 

.•!.. >: the column tube ?> c - is seated on the lower piston and 

b-:a support. 100 as 

cepict.ee; in FIG. the connecting pin 98 is removed from 
th- column tube 3 ;■ 

ana coupler 78 ana : he compression rod and piston are 
al.iwea t.c move upwardly 

cu: of the upward end of the column tube to the position 
5 he wu in rIC-\ 6. 'It, 

ur i e r open ena of the column tube ;5 is then clear to allow 
a pzuring of a 

= lurry ■: f packing material into the column tube for 
o: cores 5 i t n by the 

oimpres = i«: n piston i 6 after an upper bed support is 

i ns e r t ed i nt o the co 1 umn 


lie': aided descr iption Text - DSTX: 

Tn , as described -rove the present invention overcomes 
r he r;:v: r r. comings c f 

pr i :>r c :d umn packing apparatus by providing an apparatus 
wn i c.'i i s vert i ca l i y 

to I 1 hps i b 1 e for packaging, shipment and relocation from one 
i o c at ion to anothei 

m a 1 aoor at : r y . Ais:>, the apparatus of the present 
i recent i :-n provides for the 

lifting ana positioning of empty column tubes and the 
P-: .- i t. i cuing : f low* r 

pistons ami red supports therein without requiring 
operators to manually lift, 

1 tcate ami lcwer the eclumn tubes. Further, the apparatus 
of the present 

invention is adapted to compact columns of different 
diameter by use c r a dap tor 

rings and compression pistons :>f different size which are 
re a :ii I y mo „.nte :i ana 

rem eve d from the apparatus which in packing operation 
repeatedly uses the same 
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compression mechanism in the packing of such columns. 
Detailed Description Text - DETX : 

While a particular embodiment o: the apparatus of the 
present has been 

aes culled herein, changes ami modifications in the 
illustrated embodiment may 

be made without departing from the spirit or scope of the 
pre cent: invention. 

For example, the apparatus may be inverted such that the 
compression mechani sm 

is mounted below the column tube with the compression 
piston entering a lower 

oper. end jf the tube to compress packing material as it is 
driver, upward intc 

the tube. Alternatively, the apparatus may be positioned 
nor i z.oiita \ ly r a t n».u 

than vertically. Accordingly, it is intended that the 
scope c f the present 

invent i :>n be limited inly by the terms of the fid lowing 

L 1 aim.: . 


Claims Text - CLTX: 

inserting a :orapr» ;ss it n piston c f a column packing 

compress i -n me chauism 

vertically into an upper open end of the first column tube; 
Ciaim= Text. - CLTX: 

re I ea.:- eab 1 / :onr.e> 'ting the computes ?i or. piston t:> the first 
."Cum:, tube; 


Ciaimi Text - CLTU: 

:.::ua: in:: the c tmpres e.ion mechani sm to raise the 
compression piston and lift 

the first column tube from the lower support member; 

Claims Text - CICO. : 

positioning a lower piston and column tube end closure on 
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the adaptor ring; 


Claims Text - CLTX : 

actuating the compression mechanism to lower the 
compression piston ana first 

; :; ; umn tube ante * he en;;; closure, lower piston and adaptor 
r ir.g; 

■I I aims Text - CLTX : 

iiicor.nect.ing Che compression piston from the first column 
tube; 


:iaims Text - CLTX: 

raising the compression piston from the upper end of the 
column tube where} »y 

the first column ; ube is open to receive a slurry of a 
p ac King material ; 

:iaims Text - CLTX: 

positioning the compression piston in the upper end of the 

£' i :st co Lumn tube ; 

ir.'C 


Ida litis. Text - CLTX: 

ir iving the compression piston and upper end closure 

cxwnward to compress the 

packing material within the first column tube. 
Claims Text - CLTX: 

releaseably conne :tinq the compression piston to an upper 
end of the first 

.column tube to lift the first column tube; 


" I aims Text - CL . X : 
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driving the ccmp rossion piston upward to raise the first 
column tube from the 
1 owe r suppo r t mend ;e r ; 

Claims Text - CLTX : 

releasing the rcmpression piston from the first column tube 
to allow the first 

cclumn tube to be removed from the apparatus; 
claims Text - ::1TX : 

replacing the compression piston with a new compression 
piston having a 

diameter mat ::n Lr.g the inner diameter of a second column 
tube to oe pi-xed by 
the appa i at us ; 

Claims Text - CLTX : 

lowering the new 'Compression piston into an upper end of a 
sec:>nd co lumn tub-:; 

:iaims Text - CLTX: 

releaseabl.y ::»nne "ting the new compression piston to the 
sec jnd co lumn t ub- >; 

:iaims Text - :LTX: 

raiding one new o >mpression pi s ton to lift a second cclumn 
tube from the 1 uwvr 
support member; 

Claims Text - CLTX: 

mounting a lnwer piston and lower end closure having outer 
matching tne second 

column tibe jn the new adaptor ring; 
C x a i m s Text - C L 1 X : 
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lowering the new compression piston and second column tube 
onto the second end 

closure and second end piston ; and 
Claims Text - CLTX : 

releasing the new compression piston from the second column 

tube to allow a 

removal of the new compression piston therefrom and entry 

of a slurry of 

packing material into the second column tube for a 
compression by downward 

movement of the new compression piston within the second 
column tube. 

Current "JS Original Classification - CCOR: 
210/656 

Current MS Cross Reference Classification - CCXR: 
210/198 .2 
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TITLE - TI : 

Chromatographic device with piston locking mechanism and 
method of packing same 

Ar. 5 tract Text - A3TX : 

A cnromsitogr aphi : device comprising a column body having a 
f i rst era and a 

closed second end. The device further includes a piston 
in.: i de the column 

body, a chrcmatographi z medium, a rod, and a locking 
me onanism. The 

chromatographic medium is within the column body and 
between the piston and the 

ceoorid end. The rod has a longitudinal rod axis and is 
ope r it i vely engageab le 

with tne piston tci pressing the piston in the column body. 
The ioc k in g 

me onanism is adapted for locking the rod relative to the 

column body in a 

manner r.o prevent movement of the rod relative to the 

::o2umn body in an c it. ward 

longitudinal direction away from the piston without 
preventing movement of the 
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rod relative to the column body in an inward longitudinal 
direction reward the 

piston . Preferably, the chromatographic device includes a 
spring for exerting 

a ::r.stant. axial compression against the piston to prevent 

tne fc rmati.cn :>f 

vji:is in the packing medium. 

Brief Summary Text - BSTX: 

This invention relates to the liquid chromatography, and 
m :■ : e parti ::u I ar 1 y to 

■r.r.r : mate graphic devices having pistons for compressing a 
chr zmatogr aphic 
mecii i:n. 


Brief Summary Text - 3STX: 

A chromatographic: device includes a chromatographic column 
; having a rylindric 

column body and a fixed end plate covering one end of the 
column body) , a 

piston slidable within the column body, an intake opening 
through the piston, a 

aisrharge opening through the end plate, a first porous 
frit seated within a 

f r i t - receiving socket of the piston and covering the intake 
opening, and a 

second porous frit secured to the end plate and covering 
the oisoharge opening. 

A = lurry :xntai:iing the packing material, such as a 
granular = : 1 :c a or 

polymeric media, is placed within the column body and the 
pi s ton is mcved 

toward the fixed end plate to compress the slurry. The 
pores of the frits are 

sizea tc permit the liquid of the slurry to flow out the 
a i= cnarae opening 

while preventing discharge of the packing material. 
Conventionally, when the 

chromatographic media within a chromatographic column is 
pac*:ea, a telescoping 

roo of 3 hydraulic pushing device pushes the piston into 
the re i.umn . This 

comr. ression packs the packing material to a predetermined 
pressure (which may 
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typically be around 1,000 to 5,000 p.s.i., but these values 
are merely 

exemplar'/ rather than limiting). 
Brief Summary Text - B3TX: 

With su;:h conventional method of packing chromatographic 
columns, the column 

remains attached to the pushing device so that the rod of 
: r. e hy d r a u 1 i c pu s h i n g 

device maintains the pushing force on the piston . In other 
wo i di , tne ::<: Lumn 

muo t remain atts> :hed to the pushing device during operation 
oi the 

:hr omatographic column, i.e., during chromatographic 
.: .--pa r at i ons . 


Sr let Summary Text - B3TX: 

Am<: ng the several objects of the present invention may be 
:o.-t eo t r.e p rov i s .on 

of an improved method and apparatus for packing 
or. i omat : graph ic columns; the 

prevision of such a method and apparatus for packing a 
chmmat ■: graphic co 1 umn 

in which compression is maintained on a column piston even 
after removal of the 

: :•] umn from a pushing device; the provision of such a 
method and apparatus in 

which the column is permitted to move in an axial direction 

: :■ c iimp res s a 

onrcmat :»graphio medium in the column but is prevented from 

moving in an 

opposite direction; an;i the provision of such a method and 
apparat u; in whi :h 

an elastic t'orze is applied to the piston even after 

r emo v a 1 o f t. he 

enr omatogr aphi ? ::olumn fr-om the pushing device. 


Brief Summary Text - BSTX: 

In general, a chromatographic device :>f the present 

invention comprises a 

1 r.roji tu imal 1 y extending tube having a first end and a 
second end, the second 
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end being closed, a piston inside the hollow tube, a 

chromatographic medium, a 

rod, and a locking mechanism. The chromatographic medium 
i = within che tube 

and between the piston and the second end. The rod has a 
Longitudinal rod axis 

and is operative!;/ engageable with the piston for pressing 
the piston in the 

he L low tube . The locking mechanism is adapted for locking 
the rod relative to 

the rube in a manner to prevent movement of the rod 
relative t.c the tube in an 

oo: ward longitudinal di recti on away from the piston without 
preventing movement 

cf the rod relative to the tube in an inward longitudinal 
di recti en toward the 
piston . 


Brief Summary Text - BSTX: 

Another aspect of the present invention is a method of 
packing a 

ohr omat ogr aphic medium in a longitudinally extending 
ehr C'lti a c :-gr apriic tub-:. The 

rube has a first end and a second end, the second eni being 
■: ppoi 1 te the first 

eua and tltsed. The method comprises: placing the 
oh re-mat ogr aphic medium in 

the ::nr omatographi c tube; inserting a piston into the tube, 
t he ::nr :>mat ograph ic 

medium being between the piston and the closed second end 
■: f the tube; placing 

a pusning assembly ad jacent the piston , the pushing 

a s 5 emb 1 y h a v i no a L t z k i n g 

mechanism adapted f t r permitting the piston to move in a 
r i rs t longi t adina L 

ci i re ct i on toward the closed second end of the tube and for 

preventing tne 

pi s ton te move in a second longitudinal direction toward 
the firrt eni of the 

tube; applying a compressive force in the first 
longitudinal direction against 

tn-r pushing assembly to move the piston toward the closed 
sej:»:i:i end t the 

tune to compress the chromatographic medium; and removing 
the compressive force 
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from the pushing assembly, the locking mechanism lccking 
against movement of 

the piston in the second longitudinal direction. 
Drawing Description Text - DPTX: 

FIG. I is a front elevational view of a chromatographic 
device of the present 

invention in partial section, the chromatographic device 
including a column 

body, a chromatographic medium, a piston , and a pushing 

a s semol y ; 

Drawing Description Text - DPTX: 

FIG. : is a fragmented front e..evational view, in section, 

showing a L': eking 

mechanism of the pushing assembly positioned to prevent 
movement: of a rod of 

the locking mechanism away fiom the piston; 


Drawing Description Text - DPTX: 

FIG. 4 is a fragmented front elevational view, in section, 
5 im i. lar to that o f 

FIG. : but. showing the position f the locking mechanism as 

the rod ii keing 

pi u .:. h e * :i toward t h e piston ; 


Drawing Des o riot io-n Text - DPTX: 

FIG. : is a fragmeiiteoi front elevational view, in section, 
s imi.i ir to that o f 

FIGS. 3 and 4, but shoeing a release member positioned to 

permit the rod to 

move away from the piston; 


Detailed Description Text - DETX: 

Referring now to :he drawings, and first more particularly 

to n.. :, a 

chromat graphi s device of the present invention is 
indicated in its entirety by 
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the reference numeral 20. The chromatographic device 
includes a tubular column 

bo ay, generally indicated at 22, a chromatographic medium 
24, a piston 2 6, and 

a pushing assembly, generally indicated at 28. Preferably, 
the column to- ay 22, 

chncmatograp-hic medium 2 4, and piston 2 6 are substantially 

the same as thcs^ 

described m U.S. patent application Ser. No. 08/942,153, 
rileo Oct. 1, 

ana entitled Apparatus That Maintains Compression in a 
Tut e, ir.corp'i-r at-ja 
he c e iii i: y r e for e:n;e . 


Derailed Description Text - DETX: 

Th column body .._ cc mprises a lc-n jitudinally extending 
tui: e J havi na a first 

en :_ i the upper eno as viewed in FIG. 1) and a second end 
•' 1 ( the lowe r en- i 

a: viewed in FIG. 1) opposite tne first end. A first 

upper) flange ?■».» 
ci r runs tribes the tube 3 'J at the first end ?■ 2 , and a second 

1 wer i £ 1 i.nge :• -: 
ci r ountsor ibes the tube at the second end :-4 . The upper and 
hi' wer flanges 26, 

: •: preferably are rectangular, and more preferably are 
-quare. An end plate 40 

closes the lower ena 3 4 of the tube 3 0 and is secured to 
* he Lower f 1 ange 6 . 

The end plate 40 is shaped and configured for holding one 

r mure porous f r i ts 
■:'il. t anil includes a plurality of radial grooves 4 4 and a 
ais tn irge jpeni ri \ f :>r 

: e reitnin ? an out ..et tub^ 46. The piston 26 is moveable 

i t r.i.u the tube \ :<f 
the :::>lumn body !2. The piston 26 als:> includes frits (not 
;■ .-. : wri similar to 

fr its 42. Tne frits a i how passage of a fluid containing 

: .jos t an res l so . .;t. i on 

f . oe separated wni l.e :u t allowing solid particles in the 
::r. t :>matogr aphic 

menum -usually, but not necessarily, fine silica 
patti:le=) to escape from the 

column body 22. The solution is supplied through a feeding 
tuoe 4d secured tc 

the piston 2 6 an i in fluid communication with a passageway 
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(not shown) 

extending through the piston . It is t:> he understood that 

t.ne des . gnat ion ?. f 

:>rie :)f "he tubes as a "feeding" tube ard the other as an 
"y;:ht n tube is 

arbitrary, inasmuch as the chromatographic device 2 0 is 
;:apioie of being 

iterate! v;itr. f 1 .no fluwinq throuar. it in either direction. 


j-:ule i Descript io n Text - DETX: 

Fx- f err i ng no w to FIGS. 1-5, the pushing assembly 28 
.:: :-itipr i ;-ri a spring 

assemol y, generally indicated at 5j, a rod 52, and a 
locking mechanism, 

general !y indicate:! at 54. As described in greater detail 
be 1 :-w, the pushing 

assembly is configured to be positioned against the 
piston ..<■> in a manner 

= uch :hat application jf a compressive force (i.e., a 
d : wnwa r .1 f o r ce as £ nown 

in :I /. 1! en the rod 52 moves the piston downward to pack 
tre ;:ni . ma to g r aph i c 
med i um .' 4 . 


Detailed Dei or it 1 1 or. Text - DETX: 

T.'-.e Do:- .-ring me sr: an Urn 54 includes a base member 64, a cover 
p : a '; e c » , a 

belviLle spring 6c, four rectangular locking plates (or 
members; "'0, and a 

canting member 72. The locking mechanism 54 is configured 
for b:-coin:i the rod 

5.: relative to the lease memier 64 in a manner to prevent 
movemeiv. <; f the rod 

relative to the base member in an outward longitudinal 
direct it -r. (up- as viewed 

in Flo. 1) away from the piston without preventing movement 

o f t he : oiQ re 1 at : ve 

to the base member in an inward longitudinal direction 
[down a:-, viewed in FIG. 

1) toward the pi s ton . The base member 64 includes a bore 
7 4 i sea f o- r 

receiving the belville spring and the canting member 72, 

arid a cavity 7 6 

above the bore 74 for receiving the locking plates 70 in a 
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face-to -face 

orientation. The base member 64 is releasably secured to 
t r. e upper flange 3 t 

of the column body .12 via four pin- type fasteners 7 8 (only 
two of wnich are 

shown) . Preferably, the pin-type fasteners 78 are of the 
type manufacture':! icy 

VI ier In:., 40 Guest Street, Brighton, Mass., under the 

■lies :u : p: i or. full navel 

u.ir.d- re:, r actable plungers. The fasteners 78 include 
retractable pins (m:t 

sno-wn) adapted to i: e laterally inserted into horizontal 

r es ( no t shown ;• i n 
uppe : f 1 ange : r . 


retailed Description Text - DETX : 

In operation, the column body 21 le placed on a pushing 

v ice, = uch as the 
sompi es s ion apparatus 85 (FIG3. 6 and ~), with the upper 
t 1 ange : c of the 

:c lumn body supported on a column receiving portion Q c .> of 
r ne compression 

apparatus-. Chromatographic medium 2 4 is then poured or 
o t r.erwi s e placed into 

the tutie 3-0 of the column body ..2 via the upper end 32 of 
tne tube. Next, the 

piston 2c is inserted into the tube 30 and pushed downward 

to-warci the medium 

24. The pushing assembly 2 8 is then positioned with the 
r. pr i h :i a e = embl y 

inserted into- the tube 33 of the column body 22 and the 
base member 64 placed 

over the upper eria :2 of the tube and secured to the upper 
r 1 =nge : r . 

: : ro f e raoi y , t he storing assembly 5 J includes upper and lower 
u is ::- shapeo gui ie 

o1o::ks 88. The upper guide block 8 6 is secured to the 

upper spuing 

engaging member 56 and the lower guide block 8 3 is secured 
t o the lower spring 

engaging member 5:. The guide Mocks 86, 88 keep the 
spring engaging men.ber 5 6 

centered within the tube. The guide blocks 8 6, 8 8 are 
configured to slide 

within the tube 3. mot are preferably made of 
Dtl vtetr .iflujr o eth v lene . 
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Preferably, the guide blocks 56, 58 include slots for 
passage or the feeding 

tube -1=3 therethrough. The underside of the lower spring 
•:n:u'u:i :i member :: is 

brought int. : engagement with t he upperside of the piston 
16. The rod 5 J of tne 

paining assembly I? extends upward through the locking 
mechanism c jA and its 

I on :; o tud: ua 1 axi = X.sub.; ..s coaxial with the axis of the 
:o 1 umn c- iv . 


:>e: iileii :>esor ipt. ion Tex" - DETX: 

The compressor, apparatus 34 includes a hydraulic cylinder 
:* J having .i pushing 

rod 9. . The push in? rod 9 J has a longitudinal axis which 
i .: 3. 1 : gned w i t h t he 

= x i s M.sub.l •: f t2ne rod 52 of tne pushing assembly 28. The 
pushing rod is 

nyaraul ic = 1 ly driver, a bung the axis X.sub. 1 between raised 

b:\ :i b we re - i 

positions. The pushing rod 92 is driven downward against 
the upper end of the 

:.:o 5_ :•£' th- pushing assembly 2i t<: press the spring 
a .-: .: emj ly a ; a l n s t t h e 

piston ! o to thereby drive the piston downward against and 
pack the 

■: hr r mat :> :j r o-iph : c medium 2-5. The locking mechanism 54 
pe rmi t s a<: wnwa rd < 1 uwa rd 1 

movement of the rod 52 relative to the column body 22. 
After the 

chromatographic medium 24 ls sufficiently packed, the 
pushing rod ' A 2 is driven 

upward a way from the rod 52 of the pushing assembly 28. 
The 1 r r k i n i nir-chan : = m 

54 prevents upward movement of the rod 52 relative to the 
' 1 uiu:. oooy _ 1 and 

relative to the base member 64. The downward movement of 
the n d 5.; through 

the c 1 umr. b«"iy 2 2 caused the spring 6 D to compress and 
tner eb/ exert, in 

elastic f<: rc.-i on the piston 26 to press the piston against 
the chr z-ma to» : u aph L c 

medium. Because the rod 52 is Locked against upward 
movement relative to the 

sol umn body 2.., the spiring 6 0 remains compressed even after 
the pushing n..d 92 
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of the compression apparatus 84 is raised. Thus, the 

spring 51 cf the pushing 

assembly 2: : main:, -ins a pushing force (i.e., constant axial 

: empress i or:) 

against the piston 2c to prevent the formation of voids in 
the packing medium 

14. After the pushing rod 92 is raised, the assembled 
oh: omatographic d« -vice 

i ", ma / be r emoved f rom the compression apparatus S4 and 

: her. ...sec: for a 

chromatographic separation operation at a location remote 
from :he compression 

appar.st-.: . 

Claims Text - HTh : 

inserting a piston into the tube, the chromatographic 
medium being between the 

piston and the closed se:ond end of the tube; 
Claims Text - CLTh : 

placing a crushing assembly adjacent the piston , the pushing 

-embly hivin j a 
spring, a root, aro: a looking mechanism adapted far 
permitting the piston to 

move in a first b-ngitudinal direction toward the closed 
ic-O'cnol erxl of the tube 

an oi for prevent in« r tne piston to move in a second 
io r. ?i t uoii n a 1 direct io-r. toward 
tne first ena of the tube; 


?i um- Text - CLTM: 

applying -a compressive force in the first longitudinal 
direction against the 

pushing assembly to move the piston toward the closed 

second end of the tube to- 

sc. mpress tne cr.ronat o-g raph i z medium; 

Claims Text - CLTX: 

removing the :: impressive foroe from the pushing assembly, 
the locking mechanism 
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locking against movement of the piston in the second 
longitudinal direct ion . 


Claims Text - CLTX: 

I . A method as set forth in claim 1 wherein the pushing 

a s .5 emb L y i n c 1 ude £ the 

locking mechanism, a rod, and a spring, wherein the step of 
placing a pushing 

assembly adjacent the piston comprises positioning the 
pushing assembly so that 

the spring is positioned between the rod and the piston , 
ana wherein trie step 

of applying a compressive force comprises applying a 
compressive fcruttE against 

th.= red to compress the spring so that the spring transmits 
the compressive 
force to the piston . 


Current UC Original Classification - CCOR: 
2 L 0/656 


Current. US Cress Reference Classification - CCXR: 
210/198.2 
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KWIC 


Abstract. Text - A3TX : 

Tne adsorbent be-:: (2 5) retained in an HPLC column (1) is 
maintained in a 

constant s:ate of compression by a spring loaded 
nydraul i ^ally act ive se :ond 

column (13.). A relatively small spring (14) loaded piston 
(15) in the second 

column maintains a constant hydraulic pressure in the 
hydraulic chamber (?) of 

the larger diameter HPLC column (1). Multiple small 
diameter columns •,'!!■>) can 
be employed if necessary. 


3 : ief : Summary Text - 3STX : 

U.S. Pat. No. : , 1 o =», 522 issued tc Y. Shalon et al . 
des rr ibes an hydraulically 

active liquid chromatography column suitable for use in 
HPLC systems. A 

c/lindrical bed ■: f adsorbent is retained within an 
aasorbent chamber and is 

c«: mpressed by a piston driven by a hydraulic fluid in the 
hydraulic chamber. 

An opening is provided in the end plate of the apparatus 

for enabling the 
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monitoring, maintaining and releasing cf the pressure in 
tne column as 

necessary . This opening may be equipped with a gauge and 
va I ve . 


Brief Summary Text. - BSTX: 

Flo. 2 cf an article by Yehuda Shalon printed in the 
magazine America:"! 

L ab jr itory in September illustrates a spring-loaded 

Hr'Li: :olumn. The 

piston applying pressure to the cylindrical bed of 
adsorbent may be driven 

downward through a threaded screw at an upper end of the 
::olumr:. A compressed 

sp: in ? intermediate the piston and. the threaded screw acts 
d i r ect 1 y on the 

piston . The spring maintains a relatively constant 
pressure upon the bed of 
ads jibenc . 


rrief Summary Text - ?STX: 

: : - broad embodiment c f the invention may be characterized 
3? in apparatic for 

per ■ forming an adsorptive separation comprising a sealed 
f i. r s t col umn h a v i r. g a 

zylindrical internal volume and closed first and second 
endi ; a bed :■ f 

ids i-rbent located within an adsorbent chamber located 
w i t h i n the first co 1 umn , 

with the bed of adsorbent being compressed by a movable 
piston bicated in the 

internal volume of the first zolumr. and driven by hydraulic 

p r es sure ma i nt a inec 

in a first hydraulic rh amber located in the internal volume 
■: f the first c :■ Lumr. 

between the piston ana the first er.d of the first column; 
p ro zess f lui d 

transfer lines ftr delivering and removing a process fluid, 
wr. i zh trans f e r 

lines are connected tz opposite ends of the adsorbent 
zr. amber; a sealed second 

zjlumn having first and second ends., with a second movable 
piston being located 

within the second column and a spring being lozated within 
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the second column 

brtween the first end and the second movable piston, with 
the spring arranged 

t- - force the second piston toward a second hydraulic 
chamber which is located 

o-cween the piston and the second end of the second column; 
and, a hydraulic 

fluid transfer connection between the first and second 
h/dr z.^ 1 i.c chambers . 


Detailed Description Text - DETX : 

Hydr iu 1 lea L 1 y active (columns apply pressure sufficient to 
ax i a 1 1 y compress the 

aosorbent beo. However, the applied pressure is not 
r -. 3u i at ed in a mar.r.e r 

which adjusts for the changing pressures imposed during an 
3M? cycle. To 

overcome this problem the art has developed the use of 
spring Loaded columns in 

whirr. 3 compressed spring is used to apply a pressure to 
the iasorbent bei. As 

the spring can expand and contract, the bed can also expand 
arid contract 

5-mewhat due to pressure changes. However, spring loaded 

c ■ lumns are 1 imi te :.i 

by the practical : i se of the spring which can be used. 
When i: ls desirea to 

= - :=ile up the separation process to an intermediate scale in 
which the adsorbent 

chamber has a diameter of 2 5 cm or more the total force on 
the piston a s e d t 

empress the cylindrical bed of adsorbent can be very large 
a ica it. is 

impractical to employ a spring. For instance the pressure 
on a 7 = cm diameter 

piston naving an operational pressure of 1,500 psig is 

oncut 1 , 0 0 0, 000 

lbs. tab. f. Simply put the required sprung size is 
impractical for an HPLC 
c> d umn . 


0- toiled Description Text - DETX: 

K-.-U erring now to :T 3 . 1, the largest component of the 
apparatus is the primary 
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cylinder or column 1 which functions as a 
h y d r a u 1 i c a 1 1 y- 1 o a d e d ( c omp ress-d) 

chromatography column. During use and operation the 
primary column 1 is sealed 

■■it. its upper end by a top flar. ?e 11 and at its lower end by 
, : lowe r £' I ange 1 1 . 

Thi = forms a cylindrical internal volume which is divided 
into two chambers by 

a movable- first piston 4. One or more O-rings 6 and/or 
seal r ings 7 can be 

present on the piston to help prevent passage of either 

fluid in one column 

arc una the piston A. The volume below Che piston in this 
view, with this 

ni recti or. being relative to the normal flow of liquid in 
t. he co 1 umn, compr i s es 

a. oy 1 i n:li i cal acso rbenc chamber 2. During operation the 
■ *h ambe r 5 is fill*: •:: 

with a densely packed beoi of iclid particulate adsorbent. 
The remainder of :ne 

internal volume of the primary :o 1 umn 1 is comprised of the 
: . y ■ :i r a u 1 i c c h amb e r 

This chamber : fills the space between the flange 11 
.inc the piston 4 at 
the upper end of the apparatus. 


Detailed Description Text - DETX : 

During operation a process stream is charged to the column 
-h rough process line 

■ j . Liu ring a complete cMB cyo:le, the composition and 
pressure of the process 

.•■cream will vary greatly. The transfer lines are connected 
"0! tne apparatus 

•hrjugh fittings <: 1 customary oiesign threaded into the 
r 1 3 n >: s . The incc m i ng 

}n : ::ess stream is thereby delivered to a flexible transfer 
.. i ne : pre sent i n 

the hydraulic ::harnber 3. The transfer line 9 is shown as 
■ :o l led not to 

indicate that it is spring-like but rather to indicate its 
flexible nature 

which will allO'W the transfer line to accommodate any 
me cement of piston 4. 

The piston could travel to the lower end of the primary 
.to 1 umn when for 

instance an adsorbent tied is being replaced with different 
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or fresh adsorbent. 

At this time the lower flange 22 is removed and the piston 
is used to simply 

push the adsorbent out of the bottom of the column. 
However, during normal 

operation the piston is essentially fixed in position. 


Detailed Description Text - DETX: 

Tne m:-. :-minq pro- oess stream of line 2 0 is thereby delivered 
line d to the 

Transfer channel IA extending through the piston . The 
channel delivers the 

liquid to the fluid distribution frit 5 on the face of the 
piston . A 1 i qu i d 

oii s t r ibut ion mean; n:>t = hown may be located between the 
face of the piston and 

the frit for purposes of ensuring uniform distribution of 
the Incoming liquid 

acre 33 tne upper surface of the adsorbent bed. This is 
important as it ii 

oies i red to maintain plug flow conditions across the cross 
iec: ion of the 

acsorbent bed. At the outlet end of the adsorbent chamber, 
a related problem 

occurs in that there should be uniform CDllerti.on of the 
i i qu id ac re ss tne 

entire rross section of tne adsorbent bed. There is 
therefore pro-video a 

liquid collection and frit means 2 3 having a number of 
channels or other open 

vod.ume = which allow free flow of the liquid to a central 
conduit leading out. :> f 

the chiniber. The process stream then flows through a port 
in the outlet flange 

22 through a threaded fitting and into the outlet transfer 
1 i ne 2 1 . The 

transfer- line 2 1 and the transf-r line 20 may be connected 
to- waives regulating 

tne flow of the process liquid > u directly to the next 
downs t ream adsorbent 

chamber or directly to storage tanks for the feed and 
pro: dust streams. 


Detailed Description Text - DETX: 
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The third fluid transfer port 9 in the inlet flange 11 is 
directly connected 

via a screw-on coupling to a smaller second column 13. The 
sec :ndary column 1 ?■ 

is preferably also cylindrical hut has a much smaller 
diameter and 

ci oss-sect i <: nal irea than the primary column L. A flange 
Lt shown as 

closing only the left-hand end of the column 13 but flanges 
could be used at 

rx'tr. ends of the column if desired. The secondary column 
1 : :i i f f e rs from : he 

or in-.a ry c :> 1 uran 1 in that it. does not contain any adsorbent. 
' 1ns: -ad Hhe 

= e czr.dary column .".as a hydraulic chamber 1? wnicn is filled 
w i th the same 

hydraulic fluid as the hydraulic chamber 3 c f the primary 
1 .mi: 1 . Tne open 

commun icat i or. between these two hydraulic chambers 
:r. rough the port ? 

causes essentially instantaneous equal i zation of the 
pressures in the two 

chambers. Tne secondary column 1? has a spring 14 which 
drives a piston 1 

against the hydraulic chamber of tne secondary column. By 
proper choice of the 

size and strength of the spring 14, any change in the 
operating pressure in the 

aos:rr_ent chamber of the primary zolumn can be easily 

mpensated for . Any 
settling or other 'disturbance of the adsorbent bed in the 
aosc rbent chamber 2 

■: f" tne primary column will result in a cor responding 
movement -of the piston 4 

in the primary column. However, this movement will not 
reduce tne pressure in 

:he nydraul. ic cylinder 3 and thus will not reduce the 
pressure applied onto the 

aosonrent bed because of the action of the spring 14 
a;:ainst the secondary 
nydraul ic chamber lo. 


detailed Description Tex: - DETX: 

^13. I illustrates the use of a plurality of secondary 
.7 o 1 umr. a 13 to main t a i n a 

desired pressure in a primary hydraulic chamber 3 cf a much 
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larger adsorption 

column 1. For instance, if this drawing was to scale and 
e acii o f the sma 1 ler 

secondary columns 13 ls approximately 5 centimeters in 
diameter then the larger 

a rpt io n column 1 would be about 2 0 centimeters in 
oiiameter. A plurality of 

smaller columns may be desired when a very high ratio in 

c :.- 1 umn z r: o ss sect io n 

exists. Movement of the large piston a short distance may 
requ l re the del i very 

or removal of a large percentage o f the volume of a single 
ilia 1 1 co 1 umn . The 

n a : it in piston diameters and corresponding cross-sectional 
a r ea o 1 t he tw<t 

co Lumns can be much higher than this . A ratio of ten to 
one or more in piston 

aiameters is p-ossibl.e. The total force imposed upo>n the 
larger piston A by the 

pressurized fluio: can therefore be extremely high due to 
:ne large surface area 

of the piston . Attempting to compensate for changes in 
i j th a 1 a r ore lo an 

through the use of a single or even multiple springs 
attached to the piston 4, 

would result in the need for excessively large and powerful 
sr- rings. Instead 

t he invention empdoys the hydraulic force supplied by the 
: hr ee sma 1 1 e r 

secondary -numbers 13 e^on having a spring 14 which pushes 
up- :-n a sma 1 1 piston 

l c . This drives hydraulic fluioi from the chamber 19 
through the connecting 

lines 2 6, 2> , I 9 anoi 30 into the hydraulic chamber 3 of 

the primary oof umn 

of the apparatus. The hydrauli:: fluid may also flow from 
tne primary hydraulic 

cn amber to the secondary chambers. As the force applied 
against the pistons 1: 

in : r.e seoo'honar/ chamber s 13 is much smaller due to- the 
sm a 1 ler surface a r e a > f 

tne pistons , much smaLier and more practically sized 
springs 14 are sufficient. 

Also shown on this drawing, is a valve 31 in the fluid 
transfer line 18 for the 

hydraulic fluid to and from the hydraulic chamber 3 of the 

primary adsorption 
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column 1. Another feature shown on this Figure is the 
aasortent bed 25 located 

between the piston 4 and the outlet end of the adsorbent 
::hamber . 


Claim = Text - CLTX: 

o. a bed of adsorbent located within an adsorbent chamber 
Located within the 

f i rst column, with the bed of adsorbent being compressed by 
a movable piston 

Located in the internal volume of the first column and 
driven !/ hydraulic: 

pressure maintained in a first hydraulic chamber located in 
the internal volume 

jf the first column between the piston and the first end of 
the f i rst c: lumn; 


I! ] a litis Text - CLTX : 

i. a sealed second column having first and second ends, 
with a second movable 

piston being L:»::ated within the second column and a spring 
being Located within 

the second column between the first end and the second 
movable piston , with the 

spring arranged to force the second piston toward a second 
riydrauLi :; chamber 

whi::h is Located between the piston and the second end of 
the se z c n d c o L umn ; 
an d, 

Current US Original Classification - CCOR: 
210/ 1 93.2 


Current US Cross Reference Classification - CCXR: 
2 1 u/ t" 5 1* 
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Abstract Text - ABTX : 

Longitudinally collapsible apparatus for compacting packing 
miteri.a.1 within a 

tut alar liquid chromatography column. The apparatus 
includes a first sup-port 

member, a second support member and a movable support 
meml; e r . The movao 1 e 

sup-pert member i= releasably connectable to the second 
sup p ■: rt member for 

support thereby. When releasee from the second support 
memr e r , the movab 1 e 

memker is adapted t<: r ide on guide members extending 
bet ween the firs: and 

second support me:tit--:; rs . A compression mechanism is 
sartor tea on tne movable 

s.jpror: member to mote therewith t: a longitudinally 
c j 1 lapsed position for the 

apparatus. The ::ompiression mechanism comprises a 
reversible drive for an 

axially movable rz-d carrying a movable piston . With the 
movable support member 

secured to the second support member, the piston of the 

c omp r e s s i o n me c h a u ism 

is movable in an en i of the tubular column when the column 
is supported on the 
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first support member. Movement of the movable piston 
within the column axial ly 

compresses a column pack, rig material as the piston is 
or lven tew arcs an 

c pipe si te end of the column. The piston also is releasably 
cennec table to the 

tubular column to raise and lower the column when the 
apparatus extends in a 

vertical direction and i- it is desired to insert an end 
piston into or remove 

the end piston from the opposite end of the column or when 
it is des i red to 

change an adapter ring on the first support member to 
i •:• ce i ve a co 1 umn o f a 

different diameter f <: r picking by the apparatus. 


Brief Summary Text - 35TX: 

Mcst preparative chromatography is perfcrmed in tubuiar 
n.e t i 1 co 1 umns o t 1 , 4 

o: c inch :r larger diameter. E'reparat ion of such large 
diameter columns is 

difficult using conventional slurry packing wherein a 

= a s p ■ e n s i o n of s t a t i o n a r y 

p-nase is f -treed or "p-ack--d" into a enr :matogr aphic column 
...s i ng i hi gh pressure 

stream of liquia to produce a homogeneous and stable column 
structure. Rather, 

tceiay, the preferred method of preparing large diameter 

columns for use in 

preparative chre-matoaraphy is the method commonly referred 
:■: as "axial ' 

cc mpr^ssion" . Axial compression is described in U.S. Pat. 

Nos . 3,966, 609 
and 169, .22. In the '•■■09 patent a piston containing a 
I : Iter mat r ix and 

rlaid sealing me onanism . s usee! t c compact a bed of 
stationary* phase and 

maintain adequate compression to correct column 
instability. In the 1 52 „ 

patent a c z-mr ression ram is used tc consolidate the 
stationary phase curing -he 
pa c em g .^perctioc . 


Brief Summary Text - BSTM: 
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The present invention provides ap-paratus for producing and 
operating highly 

efficient preparative columns while avoiding the 
disadvantages of the prior 

art. In the present invention, a tubular column or column 
cube is provided 

with end closures containing filters capable of retaining 
the stationary phase 

and provisions for' the i:\troducticn ana removal of liquid 
under pressure. The 

era closures, generally known as ted supports, are 
supported within opposite 

er.ai of the column tube against outward axial motion by 
pi s ton e 1. erne n t s wh 1 c h 

provi de both fluia :or;r.e ct.ion.5 for the passage of mobile 
phase and nigh 

p re = =ure sealing elements to prevent leakage of the mobile 
phase from the 

column. At least one of the bed supports and its 
supt'Ortingr piston ace movable 

within tne column tube and are subjected by means of a 
o: mpu ess ion mechanism to 

a compress i ve f <: rce lar ger than that generated by the 
p r e s s u r e d r o p> o c :: u r r i n g 

from the passage ■: f liquid through the stationary phase. 
The compressive ft rce 

permits the preparation and continued op-eration of high 

P'O r f : rmance 1 i qu i.a 

on rc nategr ape: i c lumns . 


Br i e f S amm i r y T ex.: - 5 3 T X : 

in a typical embodiment :>f the invention, the compressive 
mechanism comprises a 

hydraulic press including a vertically extending hydraulic 
cyi inder containing 

a compression rod supporting a compression piston at its 
Kwer end. The 

compression piston functions as the upper support piston 
for the column tube 

containing packin:; material to be compressed by the 
apparatus ■: f tne present 

invention. Tne cylinder is mounted on a movable support 
m-mber wnich is 

mounted for vertical movement cn vertical guile members 
extending between upper 

and lov;er support members. The lower support member is 
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designed t :■ support the 

::Jumn tube containing packing material which is to be 
:on,pre.:?eo,. The movable 

r^por: member is desigr.ee for reieasable connection to the 
upper supprrt 

meiwcer. Wnen the movable member is released from the upp>er 
support member it 

is movable downward to vertically collapse the apparatus of 
the present 

invention. When the movable support member is connected to 
the upper support 

member, the compress ion piston is movable axial ly into an 
upper open end of the 

column tube which is vertically mounted on the lower 
.support member. Vpon 

actuation of the ::cmpres=- i or. mechanism, the compression rod 
i = :i riven downward 

to> drive the compression piston in:-, the column tube to 
engage an upper bee* 

support and to c imp-art the packing material within the 
co 1 ._mn t ui; e aga i r. = t a 

lower beoi support 5.no a e t at. ionar >* lower pi s ton within a 
1 o wer o iooi o f the 

o: lumr. tube. The compression piston and the lower 
.stationary piston include 

annular fluid seals for sealing with an inner surface of 
tne column tube and 

contain fluid pas -sages for the introduction and removal of 
mo rile phase . Tne 

lower' support member is provided with an opening through 
wh i en s p< e n t pi a c k i ng 

may be extruaea. This opening is reduced in diameter for 
p-ao k i ng snd oper h t io n 

by the mounting of an adapter place or ring. The adapter 
x. i r ; g may be seleo t eo 

from a variety of diameters to permit the operation of 
co lumns o f di f fee en: 

oiameter.: using tne same compression mechanism. 


Brief Summary Text - BSTX: 

To prepare a liquid chromatography column using the 
apparatus of the present 

invention, the correct size adapter ring is mounted on the 
hewer suppo-rt 

memker. The lower piston and bed support are then mounted 
on the lower support 
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member via the adapter ring, and the column tube is pressed 
downward onto the 

ii.-wer bed supper:: and lower piston to close the lower end 
o f the rolumn tube . 

A suspension of ■= *. at ionar y phase is introduced into the 
-P'per end cc lumn "uke, 

which is then cl<; ec by the upper bee support. At least 
or.* >:f the ted 

support -piston sets is provided with a connection for 
1 1 qui d tc ex i t th- 

apparatus curing processing. The' upper movable bed support 
i 5 : ten .r ubj e ctec 

:o a compress ire rorce t y the compression piston , which 
causes the movable bee 

.support to travel downward within the column tube in an 
axial direction until 

excess slurry solvent is expelled and the stationary phase 
L: cemp' acted. Th* 

tolumn is then reaay for operation and may be connected to 
a 1 i qu i d 

chromatographic system for use. There is no need for 
acdi: ional pr tees .-• i n j 

rperacicne and th- column is suitable for additional 
i cmr. r ession, unl i >.e tho = e 

prepared in i:ccnatce with U.S. Pat. Nc . 4,549,534. 


Brief nummary Tex'. - Bc-TX: 

In t ne present invention, the stationary p<nase in the 
:c lumn is operates under 

cc mpress ion by the movable upper piston . However, both the 
jpp>er and lower 

pistons can be remove:! from the column tube without 
removing the oea .- upp ort s . 

Since there is no nee:l to remove the movable bed supports 
from the column tube, 

there is reduced uanger of damage to the stationary phase 
.5 t r -._ otur e f r om 

removal o t the pistons . The; compression mechanism and 
pi stons can then be usee: 

tc prepare additional cc \ umns without destroying the 
:;>: 1 umns p revi : us 1 y 

prep area using th- compression mechanism. Also, columns 
pi r evio - s 1 y p-repi ar • ci 

i: ing the tompres-icn mecnanism may be recompressed and 
a ."rain operated under 

compression to maintain column performance. 
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Brief Summary Text - BSTM: 

It i? a further feature of the present invention that the 

use of 

interchangeable adapter plates or rings and piston sets 
permits the use of the 

compression mechanism with columns of differing diameters 
without encumbering 

each ::olumn with roir.pl ex and costly flanges or other 
ae vices t-: o:nnec: to 

fluio flow passages. This allows column tubes according to 
:he te es en t 

invention to be of simple design ana constitutes an 
advantage over previous 
>z : ians . 


Brief Summary Tex: - BSTM : 

After the use of chromatographic column of the present 
invention is complete, 

th*-: spent stationary phase is easily removed from the 
c>: 1 unin 1 1 y raising the 

C'llumn tube, r emoving the lower piston , lowering the column 
tube and using the 

mp ress 1 :-n mechanism to extrude the stationary phase 
t r.roucrr. the opening in 

:ne 1 owe* support nember . The bed supports are easily 
remove:! by the same 

extrusion. The u = e of the adapter plates and iDwer piston 
pre vides for t hi 5: 

simple extrusion ore cess, which is not present in the Merck 
- /.-em. 


Brief Summary Text - BSTX: 

In the present invention, the hydraulic press is aiapted to 
two f irther uses 

beyond the compression of the stationary phase for 
operation or extrusion. 

First, the hydraulic press is used to raise and lower the 
column tube during 

trie operations of inserting the lower bed support and 
piston , a n i dun n j t h e 

removal of the piston before stationary phase extrusion. 
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Since large diameter 

column tubes can weigh more than 5 1 pounds even when empty, 
sucn use <: f the 

hydraulic press provides a significant advantage to the 
operator. The operator 

need cnly mount the column tube cn the lower support of the 
apparatui . Ai 1 

i sequent lifting ani lowering is performed by the 
apparatus itself. In 

particular, such column raising and lowering is 
a :c :mpl ished by coupling the 

upper ena of the column tube so that the tube follows the 

mi-:, ion of the 

compression rod. The coupling can be performed using a 
nunjier of methods. The 

preferred method is by using a removable pin which passes 
through a hole 

through the co lumr. tube and the piston it a right angle to 
the tube axis. 


Drawing Description Tex: - DRTX : 

Flo. la if a an exp 1 oded view of a column packing 
compression mechanism shown 

in FIG. 1 illustrating the component part comprising a 
vertically extending 

compression rod, a piston at a Lower end of the compression 
roc and a drive for 

vertically moving the compression rod comprising a 
hyoir ail ic cy L inde r . 


Drawing Descr ipt i on Text - DF.TX : 

FIG. lb i= i side view showing the comprinents in FIG. la 
assembled with tn~ 

piston secured to the compression rod by a universal 
coupler and. a laterally 

extending pun, the piston shown in FIGS. 1, La and Lb being 
a " :1 uiroi y ' ' piston 

f':r use when the ap-paratus of the present invention is to 
be vertically 
col lapsed . 


Drawing Description Text - DP.TX : 
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FIG. 2 is a side view partially in section of the apparatus 
of FIG. 1 with the 

moveable support plate secured to an upper support member 
and with the moveable 

support plate supporting the hydraulic cylinder in an 
upward extended position 

with a compression rod of the column packing compression 
mechanism and "dunjriy" 

piston bearing or. the lower support member. 


Drawing Descriptor. Text - DF.TX : 

FIG. ? is a siie view partial!"/ in section showing an 
adapt-: r ring mounted or, a 

lower support member of" the apparatus and vertically 
supporting a column tube 

between the Lower support member and the moveable and upper 
supp j r t members . 

The :: .impress ion re a of the column packing compression 
mechanism is shown 

supporting a compr ess ion piston for fitting into an upper 
open end o f the 

column tube, FIG. : also depicts a front, face of the 
cc rt r ; 1 pane 1 foe 

controlling operation :-f the apparatus. 


Drawing Description Text - DP.TX : 

FIG. 4 is a side view partially in section similar to FIG. 
? and illustrating 

the compression red and compression piston releaseably 

secured to the column 

rube by a pun extending through aligned openings in the 
column tube ami 

compression rod above the compression piston . FIG. 4 shows 
the compression rod 

in a raised position t:< lift the column tube from the 
adapter r ing and bower 

supp u t member, the adap-to-r ring shewn supporting a lower 
piston and bed 

support for closing the lower open end of the column tube. 
The 1 i-wer piston 

induces: openings for passing liquid from the column tube 
du r in j operati :»n r 
the cO'lumn. 
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Drawing Description Text; - DFTX: 

FIG. 5 is a sice view partially in section cf the apparatus 
cf FIG. 4 showing 

the column tube after it has been driven downward onto the 
adaptor ring to 

receive the lower piston and 1 ->wer end closure. 


Drawing Description Text - E'F.TX : 

FIG. t is h sice view partially in section of the apparatus 
■: f FIG . 5 after the 

ronnecting pin has teen remove i to release the compression 
piston and 

compress ion rod from the .column tube, the compression rod 
send compression 

piston being depicted in a raised position with the upper 

end of the column 

tube open to receive a slurry :>r the packing material for 
picking upon a 

downward movement of the compression piston into the column 
t ube . 


Detailed Description Text - DECX: 

The apparatus 10 further comprises a column packing 
compress ion mechanism 2 2 

oompr i s i ng a comp res s i on rod 2 -i , a co<mp i ess ion piston 2 6 
iiid a drive 2 3 

pre f erably including a hydraulic cylinder 3 0 having lower 
and upper flanges 12 

and :4 respectively secured by tie rod = 3-6. The column 
p a c -: i ng comp ress : .cn 

mechanism 22 is secured to mov ible support member 18 for 
vertical movemen: 

therewith to vertically collapse 10 when the moveable 
support member lo is 

released from the upper support member 12 as depicted in 
FIG. 1 . 


Detailed Description Text - DETM : 

When the moveable support member io is secured to the upper 
support member 12, 
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operation of the drive 23 by actuation of knobs on a 
control panel 37 cause the 

compression red 24 tc move vertically to raise and lower 
the --impress ic n pi ston 

2 6 which is site! to fit snugly intc an open upper end of a 
column tube 3 5- as 

shown in FIGS. : , 4, 5 ana 6. The column tube is supported 
or. the lower 

suppor t member 14 over the central h<: le 15 and downward 
movement :-f tne 

compression piston 2t witnin the column tube compresses a 
packing material 

within a lower eno of the column cube. 


Detailed oesc r ipt ion Text - DETX : 

As previously in ~X\ cat ed, the upper support member 12 is 
aaapted t . :■ serure t he 

moveable support, member 1: thereto when it is desired to 
oter ate the apparatus 

\\ in compressing a packing material witnin the column tube 
: :• . To accommodate 

such connect i on, the support blocks 64 and 6 6 include 
through h:les 64u auo 66a 

respectively. S.^ch holes are designed to receive 
vert l -rally extending bolts 

64b and 66b passing through the support blocks 64 and 66 
into threaded holes 6>- 

moveable support member It (see FIG. lc) to releaseably 
secure the moveable 

support member t : the upper support member 12 as shown in 
FIG'. 2a. Thus 

secured t :■ the upper support member 12, the moveable 
support, member 1 : :' provides 

vertical support for the hydraulic cylinder' 3u of the 
lumn pac king 

:v mpress i : n mechanism 2s above the upper support member 12 
a r snown in E'l G . . 

Ir. tnis regard, and as most clearly shown in FIGS, lc and 
ic, t ne moveable 

support member 1 >• comprises a flat plate including a 
central steered opening _ L 

defining an annular shoulder "'2 for receiving a lower face 
of a cylinder gland 

7? of the hydraulic cylinder 30. Thus positioned, the 
Lower flange 22 o: the 

cylinder rests on the top face of the moveable support 
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plate IP with belts 

extending through mating threaded holes 74 in the moveable 
support plate and 

Lower flange 32. The threaded holes 7 4 receive bolts 75 to 
releaseably secure 

the flange to the moveable support plate as shown most 
clearly in FIG. I. With 

:ne column packing :ompre5sior. mechanism 22 thus supported 
i: u the moveable 

cap: r : member 1 f> a =. shown in FIG. 1, the compression rod 
.i 4 ex ten ?*s ax i a 1 Ly 

from the cylinder 3 0 through the opening 71 in the moveable 
.: ut f l r: p l ate 18 : o 

t rl -e -i e aio 1 y .e ecu:?- one :: ompression piston 26 (FIG. 3) in 
line witn an o-pen 

..pile: ena of the 1 umn :ube 33 mounted on the lower 
support member 14 as shown 

in FIG. 3. Such connection of the compression rcid 24 to 
the compression piston 

3 <: • io most clearly depicted in FIG. 3 as well as in FIGS. 

1 h a no: lb for a 

"ouiTjr.y" piston connected Co- the ^compression: rod 24. As 
mere illustrates, the 

bower enu of the compression rod 2 4 incluoles a threaded 

socket 7 7 for receiving 

an externally threaded upper end of a cylindrical coupler 
"' - to seonre the 

coupler to the compress ion rod 24. The coupler 78 also 
ir.-rluie a lower ;oc,<et 

3 3 having laterally extending side holes there through. 
Th'E fo-oket SO is 

aimerv-: io ned to- receive the upper end of the compression 
piston 2 6 in FIG. or 

a "dummy" piston 26a as depioted in FIGS, la and lb. In 
both instances, the 

piston includes a laterally extending through hole for 
receiving a connect ing 

pin :'l after the pi s ton has been inserted upwardly into the 
lower socket 8 0 *s 

most clearly depicted in FIGS, lb and 3. 
Detailed Description Text - DETX: 

it, the vertically collapsed position for the apparatus 10, 
the "dummy" piston 

2 6a tears adaptor ring 4 6 mounted on the lower support 

member 14. In the 
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raised position for the moveable support member 18 as 
depicted in FIGS. 3-6, 

tr.e compr ession system 22 is raised from the lower support 
meml. er 1-1 whi :h 

on: "ides vertical support for the ccluran tube 35 containing 
piCrhr.'? iaaterial 

which is to be compressed upon downward movement of the 
comp r e s s l on piston 2 6 

i:\tc the column tube. To provide such support for the 
"dummy" piston >!a as 

ir.cv/n FIGo. 1 ana 2 and for the column tube 35 as shown in 
FIG::". :•-<>, the i;wer 

support plate 14 in:ludes the previously described adaptor 
i i r.a i k- . As sh<. >wn 

m:-sf clearly in FIG. If, the adaptor ring includes an 
annular recess *4 form in-? 

sr. ,;:i:uhr sh:<u.loe.t :5 for receiving a bottom face of the 
"o^mmy" piston 2 6a as 

nepicted :n FIGS . 1 and i or the 1 Dwer end of the column 

: J:-> :' : as depi ".::eo in 

="L»:v. 


detailed Description Text - DETX: 

As previously indicated, user control of the controls on 

I he control panel ■ 7 

netermines the opei at ion of the apparatus 10 in moving to 
an :i from the 

vertically collapsed position shown in FIG . 1 and in the 
p 1 a cement o f the 

column tube :5 ar.d its end closures and pistons in the ends 
:■ t tne co lumr: tore 

aud the subsequent compression of a pa::king material within 
the :olumn. To 

a -mp 1 ish this, the c :■ 1 umn packing compression mechanism 

II us pre-.' i o us 1 / 

:ies .: r i bed preferably is a model 2H hydraulic ram 
n,:.."... f i : t j red by 

r' a: Ker -Hanni £' in Corp. of Des Plaiues, 111. The hydraulic 
r am is connected m 

a invent ional manner and controlled by the fluid circuit 
nepicted in FIG. 7 

uuier ;oritrol of the controls indicated on the control 
pau^i 3 7. In 

particular, the ram comprises the hydraulic cylinder 30 
w: tn the compression 

r • i 24 extending downwardly therefrom. Fluid to control 
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the raising and 

lowering of the compression red within the cylinder is 
o ntrolled by operation 

o: a directio-nal control valve 90 shown in FIG. 7 and on 

the control panel 

in FIGS. 1, i and : through 6. 


Detailed Description Text - DETX : 

I'ne di rectional valve - A :■ is a omventional three position 
YiLve for regulating 

the direction of fluid flow to and from the hydraulic 
cylir.aer 10. The 

hydraulic cylinder includes an internal piston for driving 
the compression rod 

-•I in and out of the hydraulic cylinder in a conventional 
manne r . Fo r ex amp le , 

with the directional control valve 90 in the position 
indicated, fluid flows 

into an upper - end of the hydraulic 'Cylinder 30 and returns 
from a Lower end o f 

the cylinder tc drive :he compression rod 24 downwardly and 
■ ok of the 

hydraulic cylinder. When the directional 'Control valve 90 
: ■• in its second ■: r 

intermediate position, all. flow of f Luid to the hydraulic 
r/ hinder :-0 is 

i:> . o eked . When the control valve is in its lower or third 
p'. s i t io n, the 

direction of flow is reversed such that fluid flows into 
the lower end of the 

nycraul ic cylinder ?0 below its internal piston and exits 
tne hydraulic 

cylinder at the upper end for return to the reservoir 92. 


D-.- tailed Description Text - DETX: 

In this regard, h:.o as previously indicated, the apparatus 

i s suseept ible as 
several different operations. First, as depicted in FIG. 1 
inc. 1, the 

ipp-aratus may be vertically collapsed to reduce the 
v. rtical c intension of the 

apparatus to a minimum allowing for cc>mr>act packaging and 
snipping of the 

apparatus as well as for movement of the apparatus from one 
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location to another 

in a lab<: r atory through dcorways and the like without 
requiring a tilting or 

rotation of components of the apparatus. Such collapsing 
of the apparatus 10 

is accimr. 1 ished by removing the c:lumn tube 35 from the 
apparatus and with the 

"oummy" piston Z^s. attached to the lower end of the 
compression rod 3 4, setting 

the c:ntrol knob " FAM " to the "lower" position. This 
rr-ults in the 

■:: : up ress i or: rod being driven downwardly to the position 
i.:o:ii zh t ea in FIG . 2 

with tne "dummy" piston bearing on the top of the adaptor 
ring 4c- secured to 

the l:wer support member 14. ':'::er., upon a disconnection of 
tne z ir.nec t. jr 2C: 

i'v:uri:.3 :he moveable support nemoei 18 to the upper 
= ipp=or t membe r 1 3 , 

continued operation of the hydraulic system with the RAM 
control in the "raise" 

p.: s i : ion lowers the hydraulic cylinder 30 with the moveable 
supp >: r t. membe r 1 : : 

o ■: wnwar d 1 y :-n th* guide rods 1 o t: the lower or collapsed 
p-: si t i : n shown in 
FIG. 1. 


derailed L0es : r :p~ i c n Text - DL'ItX: 

Wnen it is desired to again extena the apparatus 10, the 
P recess is simply 

reversed. With tne hydraulic cylinder 30 in the lower 
r. ■: s i t i : n sn :-wn i r. F I G . 

tne :vntr.:i ku:b "FAM" is switched to the "lower" 
t ■: s i t i : n . Th i s drives the 

hydraulic cylinder 30 ana moveable support member 18 
upwardly to the position 

shewn in FIG. 2 where the connect:- r 20 again releaseably 
1 : cks the moveable 

r .»PP-: rt member t< the upper support member. Continued 
■: per b t ion :> f the 

nydrauli:- system then with the control knob "RAM" in the 
"raise" pr s i t i :>n 

withdr aws the ^or.pr ess i d:i rod 3 4 ipwardly within the 
hyirs...lir ::y linear 3 0 to 

the pi'Sitijn shov;n m FIG. 3 where the "dummy" piston 26a 
lay be replaced by 
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the compression piston 2 6 and the apparatus 10 readied to 
re reive a column ture 
j 5 as shewn in FIG. : . 


E>e tailed Description Text - DETX: 

As sr. own in FIG . 3, the adaptor ring 4 6 of proper internal 
aiameter is first 

secured to the top of the lower support plate 14 and an 
empty column tube ; - 

mounted thereon as shown. As depicted in FIG. 4, the 
r impress i on rod ana 

piston are then oriven downwardly into an upper end of the 
e mp t y c ■:■ 1 umn t ub e . 

Next , the compression r:d and piston are releaseably 

secured to the column tube 

by a conne ::or pin ?~ passing through aligned holes 99 in 
the rod umn co.be in a 

:he piston coupler 7 8> as shown in FIG. 4. Upward movement 
: f one compress l o n 

roa a:\oi piston then lifts the co»lumn tube 35 from the 
a a apt o r 4 6 a 1 bow : ng a 

^' :we£ piston i n, l beo; support 10-J including filters and 
tlui'i ports to be 

bo rated on the adaptor r ing as illustrated. Next, the 

romp i ess i on rod and 

piston are lowered or bower the column tube 35 onto the bed 
support and bower 

piston 100 as depicted in FIG. 5. This is an important 
feature of the 

apparatus 10 of the present invention. Since the large 
:iiamo-ter column tubes 

processeoi by the apparatus of the present invention are 
neavy even when empty 

anoi difficult to maneuver and position over lower pistons 
and bed s upports . 

Furthermore, insertion of tightly fitting bed supports 
r e irui r es signi f i ran*: 

force. With the apparatus of the present invention 
nrwever, all such lifting 

alio; positioning is accomplished by the hydraulic system of 
the compression 
me oh an ism 22 . 


Detailed Description Text - DETX: 
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Once the luran tube 3 5 is seated on the lower piston and 
bed support 100 as 

depicted in FIG . 5, the connecting pin 98 is removed from 
the column tube 2 5 

ana coupler 7 8 and the compression rod and piston are 

allowed to move upwardly 

of the upwarc end of the column tube to the position 
cncwn in FIG. 6. Tne 

upper op-en end of the column tube 3 5 is then clear to allow 
a pcjriru of a 

= Lurry of parkin',: material into tne column tube for 
•-omprei s i or. r. y : he 

compires-s ior. piston 26 after an upper bed support is 

inserted into the column 

tube. 


Detailed Description Text. - DETX: 

Thus, as described above the present invention overcomes 
the short comings of 

p»rior column parkin? apparatus by providing an apparatus 
wn i on is ve r t i c a 1 1 y 

■?o 1 1 apsibl.e for p a :■ a j ir.j, shipnent and relocation from one 
location to another 

in a laboratory. Also, the apparatus of the present 
invention provides for the 

lift in; and positioning of empt/ column tubes and the 
pos i t. i : r. in -j : t lo wo- r 

pistons and k ed supports therein without requiring 
operators to manually lift, 

locate and lower the column tubes. Further, the apparatus 
o f t he p resent 

invention is adapted to compact columns of different 
diameter by use of adapt tor 

rings and compression pi stons of different size which are 
readily mounted and 

removed from the apparatus which in packing operation 
repeatedly uses the- same 

C'-omp'ress ion mechanism in the packing of such columns. 


Detailed Description Text - DETX: 

While a particular embodiment or the apparatus of the 
present nas been 

described herein, cnanges and modifications in the 
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illustrated emtio di me nt may 

be made without departing from the spirit or scope of the 
present invert i 0:1 . 

Fcr example, the apparatus may be inverted such that the 
c empress ion mecharu sm 

is mounted below the column tube with the compression 
piston entering a lower 

open end 0 f the tube to compress packing material as it is 

iven upward inte- 
rne tube. Alternatively, the apparatus may be positioned 
horizontally rather 

than vertically. Accordingly, it is intended that the 
= co-pe -: f Che present 

invention be limir.ea only by the term.: of the following 
c i urn; . 


i aims Tex t - CLTX : 
a cornpc ec s i or. piston at an eno c f the compr ession rod, and 


Claims Text - CLTX: 

a drive for moving the compression red to longitudinally 
reciprocate the 

compression piston , the compression piston being sized to 
fit snugly into one 

eno of a column tube supported on the first support member 
to compress a 

packing material within a second end of the column tube 
when the movable 

support member i 5; secured to the second support member and 
tne drive is 

■actuated to drive the compression rod toward the column 
tube. 


C 1 a ims Text - CLTX : 

means for releaseably connecting the 'Compression piston to 
tne co'lumn tube to 

raise and lower the column tube when the apparatus is 
oriented in a vertical 

direction with tne first support member belo>w the second 
support member and 

wnen it is desired to insert a lower end piston into or 

remove a lower end 
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piston from the second end of the column tube or when it is 

desired Z<: change 

an adaptor ring c:. the first support member to receive a 
column tube of a 

different diameter for packing by the apparatus. 
C i aims Text - CLTX : 

the secona support member concludes an opening for 
receiving the drive of the 
compression mechanism; and 

Claim.? Text - CLTX : 

7. The apparatus of claim 6- wherein the compression piston 
includes an annular 

fluid sea. for tightly engaging an inner surface of the 
column tube and the 

column tube includes a second piston for bearing against an 
enclosure for the 

column tube, the second piston including an annular fluid 
seal fcr tightly 

engaging m inner surface of the column tube. 


Claims Text - CLTM: 

3 compression piston at a lower end of the compression rod, 


Claims Text - CLTX: 

i drive for vertically moving the compression rod to raise 
~n:~.d 1 jwer t.he 

;■ jiupress ion piston , the compression piston being sized tc 
fit snugly into an 

open upper end of the column tube to compress a packing 
material within a lower 

end of the column, tube when the drive is actuated to drive 
the compression r.;d 

in a downward direction into the column tube; and 


Claims Text - CLTX: 
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means for releaseably connecting the compression piston to 

the column tube to 

raise and lower the column tube when it is desired to 
insert a lower end piston 

into or remove a lower end piston from the lower end of the 
column tube or when 

it is desired to change an adaptor ring cn the lower 
support to receive a 

column tube of a :iifferent diameter for packing by the 
apparatus . 

Current US Original Classification - CCOR: 
210/ 198 .2 

Current US Cross Reference Classification - CCXR: 

210/ 656 
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Abst ract Text - AE-TX : 

A liquid chromatography column that can be rapidly packed 
without a reservoir 

column is disclosed. The column includes a double sealed 
compressor piston 

with a mixture delivery bore extending thrcugh the body of 
the piston . 

Resilient sealing means are provided in annular grooves 
provided in the piston . 

The piston retains a frit and slurry scraper is mounted to 
the piston . A 

method of pat: king such a column is also disclosed. An 
: ut 1 e t end p late 

i no 1 tiding solvent drainage bores is provided. A threaded 
ena rap including 

raaial slots in an inner surface fcr a threaded column is 
a ii c l'j sea, as is an 

adaptor for joining flanged and threaded columns. 


Brief Summary Text - BSTX: 

The present invention relates to the field of liquid 
chromatography. In 

particular, the present invention is directed to an 
improved apparatus for use 
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in obtaining packed and pressurized slurry beds employed in 
liquid 

chromatography columns, as well as novel and improved 
piston compressors and 

end closure members for use in such liquid chromatography 
: c L umn s . The pre-? e r: t 

invent ion is also dire -ted to a method for packing lLquid 
chrzma t o graph y 


H-r ie t Summary Text - B3TX : 

A >::ritical feature in ensuring the proper operation of such 
columns relates to 

:he degree and uniformity of compactness of the packed 
abj : rbent bed contained 

within the column. The slurry bed must oe maintained at 
very high pressure, 

and at uniform density, in order to achieve the most 
efficient end recnlts 

curing the chromatographic procedure. The present 
i event ion relate: tc the 

configuration a no structure of columns for use in 
pr -par at i ve 1 iqui o 

enr :mat<: graph y . The present invention also relates to an 
apparatus for 

ensuring the rapid and uniform packing of slurry beds. The 
pr >.-sent invent i on 

enables such columns to be uniformly packed, while at the 
same minimizing the 

time necessary for packing the column. The present 
invention also relates to a 

: i ;-Vr 1 piston comp res so r for use within the chromatography 
.run that is 

particularly designed to prevent the leakage of particles 
t 1 a s t t h e c omp r e s s c r , 

while at the same time permitting the injection of a 
material to be separated 

tn::ugh the piston into the compressed bed. The piston 

cent' res so r of the 

present invention is utilized to apply a packing 
compression force t: the 

slurry- bed within the column '.curing packing of the column, 
anu, uuring use • : 

the column in the separation process, is retained within 
the column. By use of 

the piston compressor :>f the present invention, the need 
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for a separate 

reserve ir column is eliminated. 


Brief Summary Text - BSTX: 

The present invention also relates to an end plate for use 

w i : h a 

chromatographic column. In particular, the present 
invention relates to an 

ou,t let end plate which is provided with drainage apertures 
to enable the 

solvent tc drain from th- slurry while the slurry is being 
compressed fcy the 

application of fluid pressure to the compressor piston , 
drainage plugs are 

provided foi sealing these drainage apertures or openings 
curing the 

utilization of the tacked column in the separation process. 


Brief Summary Text - BSTX: 

The present i.nver.ti:n further relates to a method cf 
tio-.ing and usina a column 

including the novel piston compressor and end plate of the 
p recent invention . 

I'he methoii the presenv invention enables columns to be 
p aO':ed e f f icient 1 y 

-n i in a very short time period. It alsc enables a large 
number of column.: t-: 

re prepared with a single packing apparatus, and avoids the 
need for a separate 

reservoir column to pack the chromatography column. 


Brief Summary Text - BSTX: 

Trie chromatography column of the present invention includes 
a :' impress ing 

piston, movable, by the ippiication of solvent pressure 
exerted tnereaga : ns r , 

wiihin the bed, whim is maintained under dynamic 
io:upress i :>n via the piston , 

;:uring column operation. Thus, the present invention 
allows the user to park 

any desired stationary pnase quickly, and then enables the 
parking instrument 


03/04/2003, EAST Version: 1.03.0002 



(fluid/solvent pump) to be utilized to pack additional 
columns quickly aria 

efficiently. According t<: the present invention, the 
desired packing material 

is transferred into the column, via the outlet end, with 
the piston in its 

lowest position (i.e., adjacent the inlet end). After the 
column outlet end 

plate is attached, the piston is raised (i.e., pushed into 
the racking 

material) by hydraulic pressure applied fcy the packing 
i hi trumer.t, to pack 

l xmrreji) the material. The applied hydraulic pressure is 
retained between 

the back fare of the piston and trie inlet plate of the 
enromatogr aphi : column. 

Thus, after packing, the compressor piston of the present 
invention maintain- a 

dynamic pressure or. the packed particle bed which is 
greater than the pressure 

of the mobile phase flowing through the column. The 
dynamic action of the 

piston prevents the formation of any undesirable voids or 
channeling due to bed 
s nr inicage . 


ruief Summary Text - 3oTX: 

Thus, :olumrio packed according t<: the present invention 
pre vide total ■: ::i:.rol 

of tne packing process. Columns packeti according to the 
present invention are 

very efficient. High pressures can be utilized in columns 
picked according to 

the present invention and very small sized particles can be 
employed at high 

flow rates. Thus, very high material throughputs are 
achievable. The constant 

piston pressure that is maintained upon the packed bed 
during use of the column 

minimizes and/or eliminates the formation of voids and 
channeling within the 

column. Further, excellent reduced plate height values are 
jbtained using the 

eclumn of the present invention. The packing and unpacking 
cr the cciumn is 

very simple and quite rapid. The present invention thus 
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simplifies the 

procedure for packing columns, and, because of its 
5 imr 1 ici ty, speed and 

moderate cost, makes high quality liquid chromatography 
accessible to a greater 
: 1 iss o f users . 


Brief Summary Text - BSTX: 

The chromatography column of the present invention 
romp rises an inlet plate, a 

double sealed compressor piston sealingly received within 
the sod umn body, 

::oi.led tubing connecting the inlet end plate with the 
double sealed compressor 

piston and an outlet end plate. Appropriate porous frits 
ihd sealing -j- rings 

are also pro video a .5 part of the column assembly. The 
inle: end plate :.e 

provided with three threaded openings, cne of whi sh is 
e qu i pped with a va 1 ve 

ind s:-nnector for connection to a pushing solvent delivery 
.5 /s t em . The va 1 ve 

i: -iliied, upjii ol connect ion of the pushing solvent 
oe 1 i ve ry system, t o 

maintain the pressure within the chromatography column. 
T n e central op e n i n g i n 

the inlet end plate is -connected on one side to the double 

e h 1 e d piston v i a 
tne tubing, and or. the other side to a supply feed line to 
enable the injection 

of samples or mixtures into the chromatography column 
through the inlet end 

i:l ate, trirougn the c:>ii tubing, the double sealed piston , 
sr.d finally int. :■ the 

ra::nen bed. Tne third opening in the inlet end plate is 
equipped with .3 liquid 

j auge and valve to enable monitoring, maintaining, and 

releasing of the 

r. res sure in tne ohromatO'graphy so 1 umn . The inlet end plate 
: ... rt her includes ■- 

plurality of apertures or bores for receiving therein bolts 
wnich cooperate 

with appropriate nuts and washers to assist in mounting and 
sealing the inlet. 

plate, via an .appropriate O-ring, to an apertured flange 

provided on the sol umn 
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tody. 


Brief Summary Text - E3TX: 

The ceiled tubing is equipped with tubing connectors at 
each end. The tubing 

connecters enable the tubing to be sealingly connected to 
tr.e piston and to the 

inlet end plate. As, during packing of the column, the 
piston is driven by the 

solvent eel i very system down into the column, the tubing 

must be long enough to 

>fx:en:i tne Length of tne colimn. 


r r i e f 5 umma r y T e x t. - 3 5 TX : 

The ce lumn is a standard chromatography column formed, for 
example, of 

stainless steel and having a smooth and accurately ground 
interior diameter. 

The ce lumn should be large enough to contain enough slurry 
i n its lo-ose: , 

unpac<ed state so as to yield a packed tied of the required 
.= i ze there in, as 

well as to- contain the c- imp res sor piston therein, 
brief Summary Text - BSTa: 

Tne compressor piston is a significant feature of the 
present invention. The 

pi ston includes a generally cylindrical piston body and two 
annular grooves , 

formed in the outer, peripheral, cylindrical surface of the 
pi ston body and 

spaced from each other along tne length of the piston body 
and within which 

O-rings and backup rings are positioned to seal the piston 
a g am s t the interi o r 

surface of the column body. The front end faee (towards 
the packed bed) o: the 

piston is provided with a plurality of radially extending 

si :.ts or grooves to 

enable and ennan.:^ a uniform dispersal of the material to 
be separated across 
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the entire cross-sectional width of the column. A frit is 
retained within a 

frit holder which : ^ attached to the front, end face of the 
piston and a slurry 

scraper is secured to the outer perimeter of the frit 
holder. 


rrief Summary Tex: - BSTX: 

Operating the chromatography column of the present 

invention to pack a 

: impressed bed is very easily performed. First, the piston 

= na i ts component ~. , 

including the various sealing members, tne frit holder and 
the slurry scraper, 

3 re assembled, anc the piston is inserted into the column, 

i: y use -: f an adapter 

member, in a position clusei/ adjacent to the inlet end 
t late. Tne central 

c toning of the inlet end plate is then connected via the 
cubing to the pi ston . 

Then, after an appropriate 0-ring is installed in the 
ro lunar, flange, the inlet 

sr.u plate is secured to the column body via nuts and bolts 
extending through 

the mating apertures in the flange of tne column and in the 
iter cures of the 

inlet end plate. Tne slurry is loaded into the column on 
top of tne piston 

■_.r.til the column is almost full (an air bubble must lie left 
t'i enable proper 

mixing). The outlet end plate is then attached by 
appropri ate nuts and bolts 

and tne drainage plugs are removed therefrom. The airpump 
a: 1 ven n 1 gh ores su* - 11 

so L vent delivery system attacned to one of the threaded 
openings in the inlet 

end plate is then actuated to rapidly drive the piston down 
into the slurry 

loaaed into the column, to compress the slurry and to expel 
the solvent from 

tne spen drain bores. After all the solvent has drained 
tut >: f the drain bores 

and the column is allowed to equilibrate for an appropriate 
peri : d o f t ime , the 

valve connecting the inlet en:i plate to the liquid delivery 

system 1 5 closed - c 
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that the pressure is retained within the column between the 
rear face (.i.e., 

th-E surface facing the inlet end plate) of the piston and 
tne inlet, end place. 

The arain plugs are then inserted into the drain bores in 
tne cutlet end plate, 

ana the packed column can then oe disengaged from the high 
pressure solvent 

celivery system. After connection of the racked column to 
a ."Tiro ma tography 

pump- to deliver the mobile phase material, chromatography 
can be performed. 


rrief Summary Text - 3 c TX : 

The present invention relates to a slurry packing 
r jmp resso r for use in a 

cure mat .oar aph i.c column which is adapted tc contain a bed of 
reticles 

;-j:nr rising a slurry. The compressor induces a generally 
c y 1 i ndr i c a 1 piston 

including structure for receiving a resilient means adapted 
t j seal an 

interface of a chromatography column ami the piston. A 
material to be 

separated is adapted to be injected into the bed of 
particles, and a mechanism 

is provided for dispersing the material to be separated 
throughout the cress 

section of the column. The compressor alsc includes a 

cevice f:»r retain ma a 

frit. 


Br ief Summary Tex: - B.?TX: 

Free piston of the invention further includes a packed-bed 
facing end-surface, a 

pressure-receiving end-surface, and a cylindrical body 
p :u t ion ex tend in :i 

retween the end-s ;r f aces . The structure for receiving the 
re : i 1 rent m-ans 

comprises a plurality of annular grocves provided in the 
cylindrical surface of 

tne piston , each groove adapted to receive a resilient 
sealing means. Further, 

each resilient sealing means comprises a resilient O-ring 
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and backup spacer 

member. Further, each backup spacer member comprises a 
split rinc glass loaded 

polymer. Each resilient O-ring is positioned within each 
gioove to be closer 

the packed bed facing end-surface of the piston than the 
backup- spacei 
ii.err.be r . 


Brief Summary Tex: - B3TX: 

cording to another feature of the invention, the piston 
ir.'Z luoes a t hreade a 

portion aajacent :c the packed-bed facing endsurface of the 
piston , and frit 

retaining device is adapted to threadedly engage the 
threaaed portion. The 

frit retaining device is capable of receiving a frit 
scaling memier. The frit 

retaining device further comprises structure for mating 
with a tool for 

tightening and loosening the frit retaining device with 
respett t<: the piston. 


Brief Sunuriary Text - B.fTX: 

A:-:or:iing t-: another feature of the invention, the material 

be separat ed : - 
injected into the slurry oed via a bore extending through 
the piston . The bore 

sealingly mates with a supply line for delivering a 
material to be separate'! 

through the piston int:- .t packed bed retained in the 
;■ 1 umu . 


Brief Summary Text - BSTM: 

A;: :; :u :img t-: another fercre of tne invention, a mechanism 
i pr jvided f o r 

ensuring the uriirorm dispersal :>f a material to be 
separated throughout the 

column. The meshanism z emprises a plurality of radially 
ext ending si :»ts ci 

grooves disposed m the pasked oed racing end-surface of 
tne piston . 
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Brief Summary Text - BSTX: 

The present invention also relates to a chromatography 
column assembly 

including a column comprising inlet and outlet ends, the 
interior nf the solemn 

comprising a chamber adapted tc retain a packed slurry bed. 
The column 

assembly further includes an inlet end plate and an outlet 
en-:; plate, the end 

plates including h mechanism f <: r enabling the plates tc be 
= ea 1 ir.gly secured to 

: he ctlumn. Further, the assembly includes a compresscr 
piston adapted to be 

positioned within the chromatography column and including 
r t r ue: t ure f o r 

ensuring leaoproor engagement betv;ee.n the piston and the 

i n: er i ■: r o f the 

tiiiumn. Structure is ::onnectec tc- the inlet end plate and 
•:- x tends t h r o u g h t n e 

compressor piston for delivering a material to be separated 
into the pi a cried 

slurry bed. Further, a mechanism is provided for draining 
: ne s 1 urry so 1 vent 

f rem the chamber through the outlet end plate. The 
assembly also contains 

means for retaining a frit adjacent the end of the piston 
facing towaros the 
packed slurry bed. 


Brief Summary Text - BSTX: 

The inlet en-:; plate further include.- a mechanism for 
enabling the application 

c t hycraulic pressure to the piston to pack the slurry bed 
ana for maintaining 

piston pressure during use of the column for separation. 

The pressure 

application mechanism comprises discc nnect able means for 
e >: r t i n g a h y d r a u lie 

pressure against the compressor piston and a mechanism for 
retaining the 

exerted pressure after disconnection of the exerting means. 
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Brief Summary Text - BSTX: 

Further, the outlet end plate comprises a plurality of 
solvent drainage 

apertures or bores which comprise the draining mechanism. 
The compressor 

piston further includes structure ensuring the uniform 
di spersal of a material 

tc l:e separated throughout said column. The compressor 
piston includes a 

plurality of radially extending slots or grooves disposed 
in an end surface c f 

the piston fating tc wards the packed slurry bed, with the 
s h: r s comprising the 

structure for ensuring the uniform dispersal of a material 
to be separated 

throughout the column. The structure for ensuring 
leakproof engagement between 

the piston and the column includes a plurality of annular 
gr ooves prtvi. iec in a 

cylindrical surface of the piston , each groove adapted to 
receive a resilient 

settling mechanism . Further, each resilient sealing 
mechanism i nc luces a 

resilient O-ring =1 r. « u a backup spacer member. 


Brief Summary Text - BSTX: 

The present invent it n also relates to a method of packing a 
I i quid 

chr tmatograpny column having means for securing inlet and 
outlet end plates to 

t.r.e flanged ends tf the column. The method comprises 

positioning a compressor 

piston naving first: and -;econd end faces within the column, 
: :ur.e -ting a 

material supply line between an inlet end plate and a 
second end face of the 

piston , securing the inlet end plate to the column, and 

substantially filling 

trie column above the fir O. en :i face of the piston with a 
s . .;r r y . Trie me th a 

further includes securing an outlet end plate to the 
column, applying pressure, 

rum a pressure source, to compress the slurry between the 
first end fate of 
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the compressor piston and the outlet end plate, allowing 

the slurry solvent to 

drain through the outlet end plate, and sealing the end 
plate after the solvent 

has been drained from the compressed slurry. 
Brief Summary Text - B3TX: 

The method further comprises the step of retaining a frit 
adjacent a first end 

fare of the piston , and supplying a material to be 
.r ep a rated within : h e 

comp res sed = lurry in rough the piston . The pressure between 
: he i nlet en i pi = : e 

and the piston second face is retained after disconnection 
of che column from 

the source of pressure, and a plurality of annular, 
re = i 1 1 en:. , seal -co r.t aining 

formations are provided between the first and second faces 
c f the piston . 

Brief Summary Tex: - BcTX: 

The method of the present invention further includes 
uniformly dispersing a 

material to be separated throughout the column. Ensuring 
the uniform dispersal 

of a material to be separated involves disposing a 
plural ity of rad: =; ly 

extending = 1 jts r grooves) within a first end surface of 
the compressor 

piston . The present method further includes the provision 
of a slurry scraping 

member attached aor scent the first end face of the 
compressor piston . 

Drawing Description Text - DKTX : 

FI j. 2A-2S sre various views of parts of the compressor 
piston of t n e pre; e : \ t 
invent, ion, Wherein: 


Drawing Description Text - DKTX: 
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Flo . 2(a) is an end view of a first inner packed-bed 

contacting end face cf the 

piston ; 

Drawing Description Text - DRTX : 

FIG. .'Mb) is a sectional side view of the scraper of the 
compressor piston of 
tne present invention; 

Drawing jescr ipt i or. Text - DRTX: 

Flo. 2(d) is a sectional side view of the body of the 
compr-roscr piston of the 
present invention; 

Drawing Description Text - DRTX: 

71 3. i is a side view, on a greatly enlarged scale, of a 
center aperture of" the 

general type provided in the inlet and outlet end plates, 
as well as in the 

piston , showing the shape and threading thereof adapted to 
th readably receive a 
tubing ccnnector; 

Detailed Description Text - DETX : 

With reference to the drawings ana in particular with 
re t erenee to FIG. 1 , 

there is illustrated, in sectional side view, a self slurry 
packing rolumn 

a :: ::oro ing to a preferred embodiment of the present 
invent: ion. The i-i.dumn 

Ln:ludes a column body 100, halting an inlet flange 120 and 
an outlet flange 110 

rigidly secured thereto. Each of the inlet and outlet 
flanges is provided with 

a plurality of apertures 130 disposed aoout the periphery 
thereof, by mean^ of 

wnich corresponding inlet and uutlet end plates 300 and 400 
ran be secured to 

the cjlumn body 100. The column body 100 is formed of 
stainless steel ;u 3ther 
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suitable chemically resistant material and the inner 
diameter of the column 

;:ody is smoothly finished so as to be able to sealingly 
receive therein toe 

;■ ..mores sor piston 100 of the present invention. The column 
tody LOO car: be 

f armed with any iesirei diameter and should be of a length 
1 3 r -:re enough to 

:n.t. .h in the piston as well is to- ::cr.tain enough slurry 
mater i. a J. to form 

P^ru-ied bed of the deisired Lengtn. 


:>•=■:. hi led oes tr ipt ion Text - DETX: 

"'er.tr a 1 opening ?;4 0 of the inlet end plate 300, as most 
;learl.y illustrate'! in 

PIG. 3(c) =»nd is equipped with two tubing connectors 380, 
?70 mo>unteoi to extend 

i r. tppo<sit. e directions. A teflo-n plu:j 350 is disposed 
oetween tne tubing 

::r..oi:-:::»ri and is provioied with a small diameter hole 3 60 
i>: reoi tn rough the 

center of tne plug 350 t.o enable a mixture to be separated 
:o piss through the 

inlet end plate r.t me system, and enables the delivery of 
: U'.t. mixtures 

tnrough the inle: enoi plate into the packed bed contained 
within the 

chromatography column for analysis and separation. Thus, 
:ne outer tubing 

oo-nnecto-r 3*0 is o:onnected to an appropriate supply of a 
chemical mixture to be 

separated, while the inner tubing connector 3 70 is 
connected to the ciompressor 

piston which forms a further feature of the present 

i nvent io-n . 


oetailed Description Text - DETX: 

Connected t •:■ the inwardly extending end of the tubing 

connecter 270 is a lengtn 

of ce.' i led tubing '■■ ' which extends irom the tubing 
connector 3 70 to a generally 

similar tubing connector 332 threadably engaged to the 
piston 2 00. The co- iled 

tubing, whi::h can be made of stainless steel or any other 
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similar chemically 

resistant material, connects the piston at one end and the 
inlet end plate at 

th-r ether, and enables a material mixture or sample to be 
fed to and through 

th-.- compressor piston body. For reasons teat will become 
clear later, the 

length of the tubing must be long enough to extend 

substantially ever the 

en*: ire length of the column body. 


jetailed Description Text - DETX : 

Th^ pxston compressor 200, whi ::h forms a significant 
restore :f the present 

ircer.t ion, is a ooubie- sealed, slurry packing piston made 
o i assemr lea 

components shown in FIG. .1 in their assembled conditions, 
and in greater detail 

in FIGS. 2(a), 2(b), 2(c', 2(d) and 2(e). The compressor 
piston 2 00 of the 

pr ..'sent invention can typically be formed of stainless 
sr. eel or a similar 

themica 1 1 y resistant mate-rial, ana comprises a piston body 
: 1 "i zs s hown most 

clearly in FIG. 2(d). Tne piston body is : f generally 
•y . i r. ir i :■ al shape , 

:a"ing a first end face : 36, wnich, when installed in the 
:;:dunm, faces the 

inlet, end plate 100. Tne piston rody 3 10 a Is 3 includes a 
eeoond end face 1 38 

r hit fa^es the ^vnpresse i bed :>f slurry material. 
Intermediate tne en :i fa::e i s 

':':>'< and 138, spaced first and second annular grooves 340 • 
an 1 3 5 0 are pr tv l de i 

in the r/ lindric al surface of the piston be dy 310. 
Adjacent the eriei fate 33 1 a 

necked down portion containing threads 354 ls provided. At 
the center e>f the 

end face 3 36, a threaded aperture for a tubing connector is 
provided. Into 

tnis threaded apertire, \ tubing stnnector 332, which is 
jjnnected to trie 

exiled tubing L-0t , is engaged. The threaded opening 330 
jentinues through tne 

piston body as a relatively small bore 320, through which 
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the mixture to be 

separated passes to reach the 

eno face 3:8. 



frit retained adjacent the 


Detailed De script ion Text - DETX: 

Within each of the two wide annular grooves 34 0, 350, an 
C— r ing 342 and a 

backup spacer member in the form of a flat, split ring 344 
are p : s i t loned . The 

■I-ring 34:'' is formed of a Fluorez (or any c>ther chemically 
resistant; material, 

while the split ring 34 4 is typically formed of glass 
I o idea TFE or a similar 

polymeric material. Within each groove 340, 3 50, the 
0-ri.ng 3 4.: is mounted 

:■ loser- to the slurry contacting end face 33 3 of the piston 
compressor 2 00, 

while the split ring 344 is mounted "loser to the pressure 

r e : e i v i ng end face 


Detailed Description Text - DETX: 

I he frit holder : € 0 , shown in a cross sectional side view 
i n E'K-i . 2 \ c ) , is 

mounted to the pi s ton body 310. The frit holder 360 is 
provided with a first 

interior threaded portion 3 62 which is designed to matingly 
engage with the 

:h reals 3 34 on the necKed down portion of the piston body 
: 1 ': . A s h ::ohd 

ext erral Ly t.hreaaed portion 304 is providec about the outer 
iurfare or" the frit 

holder. As shown most clearly in the enlarged view of FIG. 
I i o ) , the f r i t 

holder 3 1 i s sha ped sush that an 3- ring groove 3 68 is 
r. t c v i :ied therein . A 

ronverit ional TFE 0-ring can be inserted into the groove 3 68 
Zo seal the frit 

holder 360 against the piston body :10. The frit holder 

car. be' manufactured 

Item stainless steel, and should be =ilver plated to avoid 
gal ling or the 

premature wearing away of the threads 362 thereon by 
fri-tion between the 
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threads 2 62 and the mating threads 3 54, provided on the 
piston body 310 ana 

whi ::h can both typically be formed of stainless steel. 
Detailed Description Text - DETX : 

On an outwaraly extending end face r f the frit holder 360, 
a plurality, 

typically four or more, recesses ;€£ are formed. An 
app rcpriat el y designed and 

c<: n r-i ru cteo spanner wrench or ether pronged tool is 
pccviaed, having pins wnich 

are positioned to mate with the recesses 3 66 to enable 
sufficient torque to be 

applied to the frit holder 360 to enable the frit holder to 
be tightly mounted 

cn jr.a demounted from the face 33: of the piston 310. By 
properly c ighteni ng 

down the frit holder against the piston surface, the frit 
will be tightly 

retained there against , and, because of the O-ring 
P'Os i t i oned within tne sp»ace 

1 no piiCKing media will be able r o penetrate into the 
feet; line :'10. 


detailed Rescript ion Text - DETM: 

Tne frit ( non- i 1 i us c rated ) for' the piston is designed and 
s i zed to fit ( i . e . , 

thickness and perimeter) between the frit holder 360 and 
the fate 3 33 of r he 

piston . The frit holder is manufactured of a porous 
stainless steel or tther 

port as material as is conventional in the chromatography 
technology. The 

porosity of the frit should match (i.e., be smaller than) 
tne particle size of 
tne pac'<ina media. 


Detailed Description Text - DETX: 

Tne scraper : "7 3, farmed of TFE or a similar polymer, is 
pre vide a to prevent, the 

t/pically stainless steel piston body 310 from possibly 
scraping and thus 
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damaging the machined stainless steel interior surface of 
the column body 100. 

The scraper a) so serves to move the packing media ahead cf 
the piston , and to 

keep it there so that it does minimum damage to the sealing 
j -rings or. the 

piston . Further, trie scraper prevents grinding and 

rushing of the packing 
media between the stainless steel piston and the stainless 
steel column body. 


uled Description Text - DETX: 

As shown in FIG. 2 [a) , the end face ?:-8 of the piston body 
: 1 j i s pr ovider, w : th 

a plurality o t r penally extending slots or grooves. One 
gro-zve 3 90 ia sh-iwn in 

•TIG. 1(a); however - , typically 24 or more such grooves are 
provided in an 

arrangement similar to that shown in FIG. 10(a) and 
extending from the central 

aperture 320 of the piston radially outwardly therefrom to 
a position adjacent 

to the peripheral end of the face 3 3r". These radial slots 
or gro-ives 590 serve 

to uniformly disperse the incoming mixture to be separated 
throughout the cross 

sectional area cf the r.olumn. The mixture to be separated 
is injected via in 

appropriate supply mechanism, through the supply line 399 
extending through the 

sent i al aperture :-4 J of the inlet eno plate ? 0 0 , through 
tne tubing 50 0, 

through the bcre : 2j in tne compressor pi s ton , through the 
rudi al g rooves : -'■ , 

and finally through the frit into the packed slurry bed. 
The grooves, radially 

di=p-csed within the end face 3 33, increase in width and 
depth as they radiate 

outwardly from tne center of tne end face 3 36, forming a 
dispersion chamber 

integrally structured within the end face of the piston to 
facilitate prompt 

and uniform distribution of incomina chemicals. 


Detailed Description Text - DETX: 
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FIG. 4 shows, in a greatly enlarged detail, the shape and 
structure of the 

threaded cpening 2?G provided in the end plate 336 of the 
compressor piston 

body 310. Generally similar threaded openings are provided 
in both :he inlet 

end piat-E --CO and th»= outlet end plate 400. As shown in 
FIG. 4, the threaded 

opening is provided with a plurality of threads 3 52 and 

a tapered section 

: :«»5 whim culminates in a smaller diameter aperture which 
leads to the narrow 

b'i re -1 1 ext ending the length of the piston . The threads 
:' c i are designed to 

accept an appropriate mating quick connect coupling for 
enab 1 i ng the connect i c n 

of tubing, such a a ceiled tubing 50i"« to the piston . 


Detailed Description Text - DETX : 

A.- car. be unders 1 o«*. 'd, during the tacking of the 
chromatography column of the 

pre ent invent i or: , the packing drainage plugs 4 50 are 
removed from the bores or 

apertures 4 30 so as to enable the slurry packing solvent to 
:lra in freely from 

tnese apertures as pressure is applied to the slurry 
m r. n e r i a 1 b y the piston 

31 j. Aft er the co ] umn is tightly pacKed, these plugs are 
i :i:r till ed there i n and 

t i ght ened until the surfaces 4 53 are flush with the 
interior surface of the 

Dutler end plate 40 J, so that the separated compounds will 
f] :w out through The? 
center cpening 4 t ' ; 1 only. 


Detailed Description Text - DETX : 

ICte :ian:ie:i end plate chromatography column illustrated in 
PI . 1 t nr ough 

can oe packed in a novel manner a ceo- r ding to a method of 
the present invention. 

First, the piston is assembled. In other words, the flat 

and circular 0- rings 

341 and 34 4 are assembled into each of the annular grooves 
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34 0 and 3 50. A 

further O-ring is positioned within the O-ring groove 368 
that is provided 

within tne frit holder 360. A frit is installed on the 
face 3 3 8 of the piston 

body, ana the frit holder 3 60 is threadedly mounted 
thereon. An appropriate 

tool having pins that mate with the holes 3 66 is utilized 
t-j tight 1 y secure the 

frit, holier and tne frit, carried thereby cnto the piston 
body. The slurry 

s :• riper if then threadedly engaged over the frit holder. 


Detailed Description Text - DETX: 

C -rmector 332 with coiled stainless steel tubing 500 is 
"hen inserted into the 

central threaded aperture 3 30 of the piston body. The 

other' en:i of the tubing 

V 3, having a similar threaded r.onne^tor 370, is inserted 
mt: the inwardly 

facing central, aperture of the inlet end plate 300. The 
piston is then 

inserted into the body of tne column as shown in FIG. 1 by 
means, f:-r example, 

of the adaptor member diso:io>sed in co -pending, commonly 
assigned V.S. :er. 

Ni'. 0?/5cl,122 file':: on Mar. 2'-*, 1990 in the name of Dr. 

Y . .?h a 1 .■: n, trie er.t i re 

di sc losure of which is expressly incorporated herein by 
re ference . 


Dot ai lei Description Text - DETX: 

Thereafter, using an O-rir.g and the appropriate nuts, bolts 
ahi washers, the 

inlet end plate 116 is securely attached to the column 
flange 113. The regio-n 

110 between the rear surface of the piston 336 and the 
f runt (i.e., inward ) 

rirfate o f the inlet end plate : - :an then be filled with a 
p isn i ng =o 1 vent a t 

atmospheric pressure, and the apertures 330 and 320 closed 
by means of the 

associated valves provided in the couplings threadedly 
attache.! to these 
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apertures . 


Detailed Description Tex 1 : - DETX : 

The column should then be mounted in an appropriate stand 
with the open end 

(where the outlet end plate will eventually be secured) 
f a :: irig upwai dl y . Thus , 

tne inlet end plate and piston will be at the bottom of the 
co l umn . The col umn 

interior 112 should then be filled with a slurry, up to 
within severs! 

centimeters of the top. By leaving a space at the top of 
the lumn, in air 

bubble will be formed which will iid in the mixing and the 
maintenance of a 

uniform dispersion of packing material within the column. 
The outlet en a plate 

i = then assembled en to the top of the column. The 
a-~ :-e:nb L i ng of the outlet end 

plate onto the upper end of the column involves placing the 
bed support frit in 

the frit recess of the column body. The disperser frit and 
small TE'E 0- ri ne- 
ar e "hen placed or. top' of the bed support frit, and the 
.1 ir je T FE 0- ring i 5 

positioned within the flange groove. The outlet end plate 
i= the secured to 

tne outlet flange 110 of the column body 100, with the aid 
of the nuts, to Its 

and washers as is conventional .ind as is disclosed with 
great particularity in 

tne aforementioned U.S. Pat. No. 4,8E2,047. After the 
o 1 1 1 e : end plate is 

securely fastened to the fiance lit, the column ran be 
r:tatei (i.e., Lover tea: 

several times to aid in mixing of the slurry. Compile te 
m i x i n g o f : the si a r r y 

snould take place within several minutes. 


Detailed Description Text - DETX: 

The c-:lumn should now be inverted within the holder so that 
the inlet portion 

of the column is up:, and an appropriate solvent pushing 
instrument should h-= 
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attached to the aperture 320 via the appropriate quick 
connector. The solvent 

delivery system generally uses an air-driven, high pressure 
rump which is 

capable of delivering the solvent through the hose fitting 
ana valve into the 

ipace 116 provided between the inlet end plate 300 and the 
end face 3 3 6 of the 

piston . The packing drain plugs 4:( nave been previously 
: -moved from the 

drainage bores 4:-0 ■: f the outlet end plate, and, as the 
pump rapidly pushes the 

piston down at the preset pressure, the solvent within the 
slurry in the area 

112 of the column will be ejected through the drainage 
oores 4 3-J. After 

several minutes, when no more solvent is observed to be 
d r a i n i ng out o f t he 

drainage bores 4:*, the packing of the column has been 
completed and the column 

should be alloweo: to equilibrate for several more minutes. 


uetailed Description Text - DETX: 

Tne valve ::onnec: i nor the solvent delivery pump to the inlet 
one plate aperture 

can now be closed to retain the fluid pressure within 
the column portion 

L 1 6 acting on the piston face 336 to maintain the 
compressed slurry bed in the 

volume 111 at the appropriate pressure. The packing 
drainage plugs 45 o should 

now very quickly r>e inserted into the bores 4 30; and after 
3 trashing the slurry 

packing chromatography column of the present invention to 
tne appropriate 

•unco of a fluid mixture to be separated, the column can 
oe used. 


'Claims Text - CLTX: 

n generally cylindrical metallic piston ; 


Claims Text - CLTX: 
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means for receiving resilient means adapted to seal an 
interface : f said 

chroma t :■ graphic column and said piston ; 
Claims Text - CLTX: 

means for dispersing the material to be separated 
throughout the chromatography 

: jlumn, saia dispersing means :ompr 1 s i ng a plurality of 
radially extending 

grooves provided in a slurry faoing end surface of said 
generally cylindrical 
metal 1 12 piston; and 


Claims Text - CLTX: 

means for retaining a frit comprising a threaded portion, 
saia piston including 

a threaded portion adjacent the slurry contacting end face 
of said piston and 

.adapted to engage said threaded portion of said frit 
retaining means, said frit 

retaining means further comprising means fcr receiving a 
frit seal ina means . 


Claims Text - CLTX: 

2. The slurry parking compressor according to claim 1, 
saio receiving me ms 

comprising a plurality or annular grooves provided in a 
cylindrical surface of 

said piston , each said groove adapted to receive resilient 


Claims Tex: - CLTX: 

5. The slurry parking compressor cf claim 3, wherein said 
res i lien: O-ring :s 

posit boned within eacn said groove to be closer to a slurry 

bed faring end 

surface of said piston . 


Claims Text - CLTX: 
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6. The slurry packing compressor of claim 3, said piston 
further comprising 

means for applying a hydraulic packing pressure against a 
slurry in said 
column . 


Claims Text - CLTX: 

7. The slurry packing compressor of claim 6, said piston 
further comprising 

means for maintaining a packed slurry tied during use of 
said column for 
separ at ion . 


Claims Text - CLTX: 

b. The slurry packing compressor of claim 1, said frit 
means further 

comprising means fox mating witn a toed for tightening and 

osening said f r ..t 
retaining means with respect to said piston . 


Claims Text - CLTX: 

11. Tne slurry packing compressor of claim 1, said means 
for euab 1 ing 

comprising a bore extending through said piston . 

Claims Text - CLTX: 

11 . Tne slurry packing compressor according to claim 11, 
said tore comprising 

means for seal ably mating with a supply line for delivering 
material to be 

separated through said piston into a packed bed retained in 
said column. 


Current T /S Original Classification - CCOR: 
210/196 .2 
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Current US Cross Reference Classification - CCXR: 

210/656 
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US-PAT-NO: 5167809 

DOCUMENT- IDENTIFIER : US 5167809 A 
TITLE: Chromatography system 
DATE- I 3 SUED : December 1, 1992 

US-CL-CURP.ENT: 210/198.2 ; 2 10/189 ; 210/656 / 96/101 

ArPD-NO: 07/ 7 5.7 fit, 8 

DATE FILED: September 11, 1)91 


Ajjitra^t Text - ABTX : 

A chroma tc graphy system comprises a chromatography column 1 

cons is tin a of a 

column tube 7 having end flanges 19 and 2 7 at its lower and 
upper ends, 

supporting an upper end :ap 3 carrying a piston rod 9 and a 
piston 11. The 

system further comprises a container 20 for the separation 
meoia used in the 

chromatography column, this container having a neck ring 24 
of injection 

moulded construction with a mouth end of a bag 22 embedded 
tne rein. 


Detailed Description Text - DETX: 

The column further comprises a piston rod 9 carrying a 
piston 11 which serves 

a= upper end cell for the chromatography bed and through 
wni ;:h the medium to oe 

separate:! can pass, after introduction through the hollow 



FORE I GN-APPL- PRIORITY- DATA : 
APPL-NO APPL-DATE 
9020453 September 19, 
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interior 13 cf the 

piston rod r» . The preferred construction of the piston of 

this bed is 

described and claimed m our simultaneously filed British 
Patent Application 
No. 902 04 50.4 . 


Detailed Description Text - DETX: 

The piston rod 9 can be clamped by a fricticn clamp or 
■adjusted by a screw 

■action, by virtue ■: f the manner in which the piston rod is 
mounted in the upper 

end cap :. This preferred mechanism is described and 
claimed in our 

s imul t aneeus 1 y filed British Patent Application No. 
?:-2C'4.= 1 .J . 


Detailed Descrip: ic n Text - DETX: 

The upper end cap furthermore preferably includes a 
pneumatic inlet 1: to allow 

pneumatic driven movement of the piston 11, as is described 

m our said British 

Patent Application Xo . 902 04 51. 2. 


Detailed Descrip: i ■: n Text - DETX : 

When the bed is t<: be unpacked, the clamp (not shown) 
he 1 ding the lower end cap 

in place is removed allowing the end cap E- then to be 
w i : hdrawu f r jm the 

i>: : torn :-f the column. The chromatography media in the bed 
spare 17 ran then be 

discharged, preferably with the aid of pneumatic pressure 
applied through the 

inlet. 15 after release of the friction clamp> on the piston 

rod This allows 

the piston 1 1 to be displaced downwardly to displace the 
separation media in 

turn from the bed space 17 into a container shown in more 
detail in FIGS. 2 tj 
4 . 
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Detailed Description Text - DETX: 

Upon re-packing of the bed, the lower end plate 5 will have 
been replaced and 

:uampeo in position by its app-r< - pr iate clamp, and the upper 
ena cap 1- will have 

been removed by release of its clamp, and by withdrawal of 
: ne piston 1 1 and 

piston r:a ? f'rcm the interior ■ f the column tube 7. This 
z : i ows tne 

= epar at ion media :o be introduc-d, either by pouring into 
tne tied in the case 

of fresh separation media of a relatively easily handled 
f 'i rm, ■: r by 

introduction from a container of the type just described 
f>: r us e in r ece i v i no 

tne discharged separation media on unpacking; this 

recharging operation will be 

describee later with reference to FIG. :"■ . 


Detailed Description Text - JLTX : 

Tne state of the separation media 23 in the column will be 
teat of a relatively 

s:- 1 f- support ing mas.: wnish has been packed in place by 
v i r tue o t bot n t:o: 

binding action of the liquid which has just passed through 
tne col umn , and the 

fact that the column may well have been pressurised during 
t n e ch r oma t o g r ap h y 

operation. It is therefore necessary to lower the piston 
1 1 by driving the 

piston rod 9 downwardly to expel the separation media 2 3 
into the container 20. 

If desired this nay be achieved manually, but it is 
preferred t«: expel the 

~ epa rat is u media pneumatically by r eleasing the friction 
;■ i amp *no apt' 1 yin :\ 

pneumatic pressure through the inlet 15 to drive the piston 

downwa rdl y t hereby 

expelling the separation media .:3 from tne column and into 
the container 20. 


Detailed Description Text - DETX: 

Upon completion of the discharge stroke of the piston 11 to 
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arrive at the 

bottom end of the column tube 7, either that stroke can be 
terminated or, by 

virtue of the mating action of the container neck column 2 4 
or. the lower end 

flange 19 of the column, the stroke may be continued in 
order to drive the 

separation media clear of the neck collar 24, positively 
into :he baa per*; ion 

22 of the container 23. If this latter additional stroke 
has been ef fee tec, 

"he piston 11 will need to be retracted before the 
container 2 0 can be removed. 


Detailed Description Text - DETX: 

Wnen re-packing is required using media already contained 
in a container 2 0, 

"he cilumn 1 on whi zr* the lower end cap 5 has already been 
replaced, as shown 

in Flo. 4, has it.= upper end cap- 3 and piston structure 
removed and then, after 

rem-ival of the snap-on cover 2 6 from the neck collar 2 4 of 
the nntainer 20, 

tne ttntainer i= 5 e cured in place by clamping of its neck 
c: llsr 2 4 to the 

upper eno flange 2~ of the column tube 7, using the upper 
c 1 imp 2 9 . 

Detailed Description Text - DETX : 

ijnce the clamp has been fastened the upper end of the 
bag can be pushed aown 

manually, again by grasping the hand-hold aperture 34, to 
expel the separation 

n.eoia from the container 20 into the interior of the 
tnr omat. :> rjr aphy column tube 

Once all or substantially all of the separation media 
ii in the column, 

preferably with all :• f it below the neck collar 24, the 
:: i imp' 2 9 z an be 

.ut fastened in order to allow the neck collar 2 4 of the 
container 22 to be 

renn;vec frum the upper flange 27, and then to allow 
replacement of the jpper 

oni cap 3 with it- piston 11 ani piston roi 9. 
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Detailed Description Text - DETX : 

Or.ce the container recK collar 24 has been removed, the 
= nap - o n co v e r li is 

replaced on the container to keep its interior sterile, and 
thereafter, once 

the upper end cap : and its piston and piston rod structure 
have been replaced, 

the piston can be traversed downwardly to drive the 
3 eparat ion media dcwn 

against the lower end cap 5, ■: r more properly against the 
lower end cell 

carried thereby, and the bed may if necessary be 
pressurised before ?tart of 

the next sep a r at lor. operation by introduction of in-feed 
material into th- boo 
through the piston 11. 


Claims Text - C1TX : 

1 . A chromatography system comprising a column tube having 
end flanges for 

re leasable attachment of end caps of the chromatography 
rolumn, anil at least 

ode container having a neck f:rmation adapted to engage 
said end flanges fo r 

attachment of the container to the ends of the column tube, 
allowing discharge 

of separation media from the column into such a container 
upon unci a z k i ng , h no; 

from si:;, a container into the column upon re-packing, 
•wherein said con: iiner 

includes a neck collar having a form suitable for clamping 
to the neck flanges 

of the column tube .iang clamps which otherwise clamp said 
end cips in place 

and wherein said :o:"itainer further comprises a bag having 
its mouth defined by 

said neck collar, and piston discharge means for 
discharging media from said 
column . 


Current US Original Classification - CCOR: 
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210/198.2 

Current US Cross Reference Classification - CCXR: 

210/656 
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US -PAT-NO: 5 021162 

DOCUMENT- IDENTIFIER: US 5021162 A 

TITLE: Method for forming a gel bed in a column for liquid 
cnrcmatography and 

an axially adjustable-type column device used for this 
method 

DATE- ISSUED : June 4, 19>1 

US-CI.~CURP.ENT: 210/635 ; 210/198.2 ; 210/656 

AP PL-NO: 07/ 4 t 22 30 

DATE FILED: January 3 J, 1990 

PAF.ENT-CASE: 

This ^5 a division of application Ser. No. 07/315, 857, 
f l led on Feb. 27, 

Hz?, now U.S. Pit. Nc . 4, 927, 521. 

FORE I GN-APFL- PR I OR I T Y- DATA : 
COUNTRY AFPL-NO APPL-DATE 

JP o: -43003 February 25, 

1 3 r 
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3 r i e f S umm a r y T e x t - B S T X : 

An example utilizing such a pressurized packing method as 
disclosed in Japanese 

Patent Publication No. Sho 5b-202£4 is shown in FIG. 6. In 
FIG. 6 , a 

piston - 11 ke sliding body 3 having a head 9 is fit 
1 i quid- tightly an:l vertically 

mo v ably in the column body 10. The liquid collecting plate 
13 is attached to 

trie upper end of the above mentioned head 9. While the 
sliding body is a" the 

lower 'lead point r.t its travelling path, homogeneous gel 
slurry 11 is poured 
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into the column body 10. After that, the liquid dispersing 

plate and a 

cover 12 are fixea to a fixing fiance 14 on top of the 
column body. 

r.r Let Summary Tex: - BSTX: 

When the sliding body 8 is moved upward from its lower dead 
point by a drive 

shaft 15, for example by utilizing a pneumatic or hydraulic 
jac'-i, pressure is 

applied to the homogeneous gel slurry 11 to form the gel 
bed. Removal of the 

gel bed for replacement is performed by lifting the sliding 
body 8 with the 

ccver 11 removed. Then it is ready for the next 
chromatographic operation . 

Current US Original Classification - CCOR: 

I 10/635 

Current US Cross Reference Classification - CCXR: 
1 10/198.2 


Current US Cross Reference Classification - CCXR: 
210/656 
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US-PAT-NO: 486147? 

DOCUMENT- IDENTIFIER: US 4861473 A 

TITLE: Apparatus f :»r facilitating compression of packing 
material in a liquid 
chromatography column 

DATE-ISSUED: August 29, 1?89 

US-CL-CURP.ENT: 210/198 .2 
DISCLAIMER DATE: 2 002110 5 


AP PL-NO: 07/ 24 2 177 

DATE FILED: September 8, 1988 

PARENT-CASE: 

CROSS-REFERENCE T O RELATED APPLICATION This is a 
continuation of application 

Sec. No. 07/055,519 filed on May 29, 1987, now abandoned, 
which is 

continuation of application Ser. No. 06/742, 265 filed in 
lune 7, 1985, now" 

U.S. Pat. No. 4, £70, 141, which is a continuation-in-part 
t a patent 

app-lication of Carl L. Shackelford and Kenneth Rainin, 
entitled "Modular Liquid 

Chromatography Column Apparatus," Ser. No. 534,611, filed 
■:n Feb. 29, 198., 

new U.S. Pat. Nc . 4,551,249, and assigned to the same 
assignee as this 
app lication . 


KWIC 


Brief Summary Tex: - BSTX: 

jr. the cue hand, *:r. ::wn liquid chromatography systems, such 
is the liquid 

chr cmatography systems disclosed in U.S. Pat. Nos. 

4, 283, 280 and 4, 313, 828, 
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do not apply pressure to the packing material while 
maintaining seal integrity. 

Or. the other hand, the liquid chromatography column 
apparatus disclosed in the 

spending patent application of Carl L. Shackelford and 
Kenneth Rain in, 

entitled "Modular Liquid Chromatography Column Apparatus," 
3er. No. 584,611, 

filed on Feb. 2'?, 1984, and assigned to the same assignee 
as this appl icat ic r. , 

dis- Loses a modular liquid chromatography column apparatus 
which applies 

pressure to the par-king material while maintaining seal 
integrity. Pressure is 

appl lea to the pa iking material by tightening an axial 
c z-mpress ion nut 

: nreaciabl y cjnne^ea with a threaded column tube such that 
an ax i a 1 compress i ■: n 

piston axially disposed within the axial compression nut is 
f:-rced against a 

rmvable ted retainer in contact with sorbent packing 
material container; within 

: ne tube for compressing the packing material. 


Brief Summary Tex: - B5TX: 

In a ::cor dance with this invention, a novel and useful 
1 iquid chromatography 

:udumn apparatus is provided which solves the problem 
encountered in 

:■ impressing the packing material in liquid chromatography 
lulumn apparatus. 

Trie invention is particularly advantageous when 
incorporated in modular liquid 

chromatography column apparatus, especially modular liquid 
chroma tog raphy 

tilumu apparatus naving a relatively large diameter column. 

In ac co- r oance with 
o-ne embodiment of the invent ion, compressing means in the 
firm of a manually 

actuable gear mechanism is incorporated in the end fitting 
o f the 1 i quid 

it. ro ma toe r apny column apparatus fcr facilitating 
app i i cat i'tn cf axial force to 

pluming or enclos ing means in order tc drive the plugging 
or enclosing mean= 

against the packing material, thereby compressing the 
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parking material so as to 

eliminate voids and channels in the packing material. 


l^tailed Description Text - DETX : 

Compressing means 2 7 0 additionally includes a drive gear 
1:4 having teeth which 

mesh with the teeth of pinion gear 276 at a location 
indicated by the numeral 

. : in FIG. 5. Compressing means 170 further includes a 
'hreaded spindle I £ 8 

rh readably engaged in a threaded central bore 2 90 of 
musing 274. Drive gear 

..34 is fixedly mounted to spindle _88. Preferably, spindle 
3- is provided 

'.:i:h threaded wells 2 92 . Drive gear 2 3 4 is provided with 
i.-: res 194. Threaaed — 

we hi s 292 and bores 294 are aligned, and screws 296 are 
inserted through be res 

.94 and rotated into threaded w^lls 292 for mounting drive 
■ le ir 2 o 4 t o spinal 1 e 


Detailed Description Text - DETX: 

Af*:er pinion gear 2 7 6, drive gear _84, and spindle 28 8 are 
installed in housing 

274, end cap 272 is secured to housing 274. Preferably, 
noising 274 includes 

■ at least one threaaed re :ess 2 9c, and end cap 2 72 includes 
lit least 'trie bore 

• . ' :■ having a :ount e rs i nk 2 02. Threaded recess 298 is 
sligned with bore :t0, 

•and a screw 3 04 rs inserted through bore 300 and rotated 
into threaded recess 

. for securing era cap 2 "2 to housing 27 4. 


Detailed Description Text - DETX: 

central bores 314, 216, and 313 are provided in end cap 

drive gear 2 : 4, 
h:\zi spindle 2 38, respectively, so that tubing 319 can be 
:M"iiie:ted in fluid 

communication with seal retainer 275, such as by providing 
tubing 319 with a 
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Threaded ferrule 322 threadably secured in seal retainer 
275. 


Detailed Description Text - DETX : 

I :\ operation, an al .en wrench ;not shown) is used for 
rotating alien bolt. 310 

s: that pinion gear 276 rotates in a direction for rotating 
drive jear 2d 4 to 

initial Ly retract spindle 288 toward end cap 272. Next, 
musing 27 4 is 

grasped, and an internally threaded rim 312 is engaged with 
t ne t hreaded 

p:rtion of bushing t;?0, for example. Housing 274 is then 
rotated by hand for 

tightening housing 274 onto bushing 180, for example. 


Detailed Description Text - DETX : 

Thereafter, the alien wrench (not shown) is inserted in 
al len bolt 310 ana 

operated for rotating pinion gear 2~6 in a direction which 
rotates drive gear 

.' •-• 4 in a direction for extending spindle 238 away from end 
i? ap 2 71. Spindle 

2 3 3 engages enclosing means 173. having seal retainer 275 
incorpo raced therein, 

f:r example, and applies axial force to enclosing means 172 
~ uch that enclosing 

means 172 is driven in a direction opposite the arrow 162 
snown in FIG. 2. The 

axial force is transmitted through enclosing means 172 to 
packing material 302, 

as wel 1 as through enclosing means 170, coupling element 
134, and enclosing 

means 163 to packing material 204, as well as through 
bashings 130, 133, and 

1'3, eni fitting 193, and enclosing means 166, for example, 
f or compress ing : he 

packing material in tubes 150 and 156. 


Detailed Description Text - DETX: 

Pinion lear 276 has a diameter smaller than the diameter of 
drive gear 28 4 for 
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providing substantial mechanical advantage by the use of a 
small alien wrench. 

Consequently, the use of large wrenches, such as used for 
tightening seals in 

:<nown liquid chromatography equipment, is avoided. The 
substantial mechanical 

advantage enables effective elimination of voids and 

channels in packing 

material 202 and 204, for example. 


Current US Original Classification - CCOR: 
210/198 .2 
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DATE- ISSUED : September 11, 1984 
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DATE FILED: February 25, 1933 


Abstract Text - A3TX: 

A 1 i qui i-phase preparative chromatographic apparatus 
comprising a column in the 

firm of a cylindrical tube equipped at its lower section 
with a cap; a filling 

device to tie connected by means of a compression nozzle and 
compr is ing a 

cylinder for actuating a non-porous solid body that 
compresses the stationary 

phase with which the column is filled by means of the 
compression nuzzle; an 

injection head to be fastened onto the column after it is 
filled and comprising 

a lower wall and an injection unit havinq a diameter 
smaller than the injection 

head and equipped with several lateral solute supply ports, 
the head comprising 

or. its upper surface a central solvent supply port and 
means enabling the 

solvent to flew around the injection unit; a pump connected 
t the injection 

head ani comprising four pistons activated by cams or rods 
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disposed at 

^0. degree, angles from i ne another and having a base of 
u pi: o r t that is n o 1 
integral with the block; a detect icr. device consisting of a 
oouble detection 

assemblage; and a fraction collector connected to the 
detection means and 

■romp rising two superimposed compartments. 


Brief Summary Text - BSTM: 

Because of said mean;, it is possible to improve the 
performance of the column 

ton.: icier abl y by averting the disadvantages mentioned above. 
Among .other 

things, granulomet ric gradients and the flow of eluates 
through the piston can 

roe 3 voided in thii way. The efficiency of the column is 
a loo cons i de rably 

improved. This is a very important criterion, since 
fineness of separation 

depends on efficiency and on the possibility of separating 
p no du c t s a c co r di n g 

to their variable retention times in the column. 


Brief Summary Text - BSTM : 

With regard to the circulation of the solvent, the most 
important problem has 

beer: the pulsing of trie pump. The inventors solved this 
problem by employing a 

four piston , 90. degree., tarn- or rod-activated pump giving 
a perfectly linear 

anoi oompietely stabilized output for a given uniform speed 
of rotation of the 
: am- sli a f t . 


.Brief Summary Tex: - B3TM: 

The injection heaoi is, according to the invention, 
connected to a pump that 

comprises four pistons activated by cams or rods arranged 
at 90. degree. to one 

another, whC'Se support base is not integral with the block 
.:: omp rising the f o u r 
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pump heads, said block comprising four pump heads each 
equipped with a suction 

valve and a delivery vaLve not integral with the mo tor -cam 
shaft support. 


Drawing Description Text - DRTX : 

FIG . 5 is a schematic section and projection of the 

t our -piston pump for 

1 i quid-phase chromtography; 

Detailed Descript io n Text - DETX : 

FIG. 5 represents the four -piston chromatographic pump, the 
output of which is 

adjustable during operation. A motor 13 that may be 
electric •: r pneumatic uses 

belt 14 to drive cam shaft 15, which is affixed to bearings 

1 K. . 


Derailed Description Text - DETX: 

Drive pistons 17 are not integral with the cams, thus 
m~*:ing it possible to 

adjust their stroke with reference to the pump frame. 
Compression pistons 19 

are i ntegral with drive pis tons 17 and a re equipped with 
no turn springs 18 . 


Detailed Description Text - DETX: 

Tho solvent is compressed within compression chamber 21 by 
::o-mpre ss i :> n pi ston 

1 ? . Solvent enters and leaves compression chamber 21 
through double 

= u vz ion-del ivery valve 20. The hatched portion of FIG. 5 
ref resent ing the rump 

piston and head blooo :an be translated with respect to the 
oor.-ha: thed port it r. 

representing the motor and cam shaft block by a distance 
equal in length to the 

nepth of the compression chamber 21 by means of vernier 22. 
A screw 2 3 for 

blocking the slides of the block enables the assembly to 
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lend rigidity to the 
adjustment system. 


Claims Text - CLTX: 

4. Liquid-phase chromatographic apparatus having a 
.;r.r : mate-graphic column 

nr.ee ted to an injection head which is in turn connected 
t j a pump comprising 

fjur pistons actuated by cams or rods disposed at 
'.^0. degree. to one another, 

.if:d further comprising a block, not integral with the 

jipport ing base of said 
pumr. , comprising four pump heads each having a suction 
v i I v e and a ie 1 i v e r y 

valve not integral with the support for the motor/cam 
snaf t . 


Claims Text - CLTX : 

■;r) a pump connected to said injection head and comprising 
four pistons 

actuated by actuation means disposed at 90. degree. angles 
t j each other and 

i.iving a rase of support that is net integral with a block 
.: jmt rising four pump 

heads, each equipped with a suction valve and a delivery 

"aLve n:-t integral 

with ia actuat ior. means; 


Claims Text - CLTX : 

■. e) connecting said injection head to a pump comprising 
r'i'U:: pistons (19) 

activated by cams or rods (14) positioned 90. degree. from 
- icr. other, jne c 1" 

: : our pump heads being connected to said central supply port 
of said injection 

head and the three others t :■ said lateral ports; 

Current US 'Original Classification - CCOR: 
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TITLE: Access valve devices, their use in separation 
apparatus and 
corresponding methods 
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US-CL-CUF.F.ENT: 210/656 ; 210/198.2 ; 210/281 ; 210/659 

APPL-NO: 08/ 825 026 

TATE FI LED : March 26, 1997 

FARE NT -CASE : 

CROSS REFERENCE TO RELATED APPLICATIONS The present 
invention is a continuation 

■: f PCT/GB95/02338, which has an international filing date 
■: f Oct. 3, 1995, and 

which is incorporated herein by reference. 


Detailed Description Text - DETX: 

The manifold 3 has a central bore 91 coaxial with the plate 
zpening 31 and 

naving inwardly and outwardly directed threaded connection 
openings 33, 89. 

The cylindrical barrel 6 of a spool valve 5 is screwed into 
trie inward 

rcnnecticn 83, to extend coaxially inwardly through the 
central plate opening 

31 and out through a central circular orifice 41 of the 
filter layer 4, 

terminating in an outward flange 65 which overlaps the 
filter layer 4. A 
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cylindrical outer sleeve 66 fits snugly around the barrel 
6, its outward edge 

resting against the inward face of the manifold block 
tnrough a polymeric 

scaling ring 662 and its inner edge resting against the 
outer surface of the 

filter layer 4 through another polymeric sealing ring 661, 
trapp'inq the layer 4 

between the sleeve 66 and barrel flange 65. Since the 
barrel's cuter diameter 

corresponds to that of the layer orifice 41, it is possible 
in the illustrated 

condi tion to remove the barrel by unscrewing it and 
withdrawing it inwardly, 

without disturbing the filter layer 4. This is an 
advantage for column 
maintenance . 


jet ailed Description Text - DETX: 

Furthermore the valve is easily dismantled for maintenance 
because the probe 7 

can be entirely withdrawn inwardly from the barrel bore 61. 
Detailed Description Text - DETX: 

[luring normal running of the process the mobile phase 
passes through the filter 

layer 4', through the filtration conduits 33 1 and out. 
There is a gradual 

accumulation of particulate debris and other matter 
reluctant to pass the 

filter 4', e.g. lipids. This therefore accumulates in an 
.ipper bed space 

region 91 adjacent to filter layer 4'. In time it hinders 
the maintenance of 

proper flow. 
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